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ABSTRACT
The total synthesis of the sesquilerpene (+).Iongifolene by an intramoleculllr
Diels-Alder cycloaddition strategy is described. The route utilized an addition
initiated ring closure involving methyllithium and epoxyfulvene 80. The
cyc10pentadienyl anion 81 that resulted cyclized in an exo-tet manner to generate 1I
substituted spiro{2.4]hepta-4.6-diene 82 in which the cyclopropane rir.g blocked the
1.5-sigmaU'Opic rearrangement and acted as a latent methylene group. Oxidation
with active MnOt afforded cyclopropyl aldehyde 83. which was condensed with the
anion derived from methyl 3.3-dimelhylacrybte lJ7 in the presence of cadmium
chloride. These conditions resulted in selective "I substitUlion and wele a
consequence of isomerization to the thermodynamically most favored product. This
procedure was shown to be general fOT related systems.
The resulting alcohol-protected mene 100 was cyc!i1.ed direclly to tetracyclic
adduct 103 under thermal conditions in a microwave oven. Modification of the
functional groups gave cyclopropyl ketone U8, which opened to the longifolene
ring system by lithium/ammonia reduction.
The route to optically active material followed a different pathway which
involved the Lewis acid catalyzed addition of methanol to Ihe optically active
spirocyclopropane-cyclopentadiene 134. The produci 137 was capable of rapid
sigmalropic rearrangement, which in principle could give rise to several different
Diels-Alder adducts. In practice, because of the constrained nature of the cyclic
dienophile. the lowest energy path led to the adduct 138 with the tricyclic nucleus
required for (+)·!ongifolene. This was the only product isolated and represented the
first successful synthesis of a cycloheptane direcily from a cyclopentadiene in a
iv
carbocyclic precursor. In order 10 complete the synthesis the lactone 138 was
reduced and the primary alcohol converted selectively 10 its acetate 144.
Sequential removal of the secondary hydroxyl functions was accomplished under
free radical conditions. Pyrolysis of the acetate 146 at 525°C provided
(+)-longifoJene.
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PART I
INTRODUCTION
CHAPTER 1 BACKGROUND
1.1 Structure Elucidation
In 1920 Simonsen demonstrated that the tricyclic sesquiterpene,
(+)·Iongifolene. occurred in the essential oil of Pinus longijolia. I.1 The
(+)·enantiomer is known to 'occur in higher plams. mainly Gymnospermae,3 while
its anlipode has been found in liverwort5.4
The structure of longifolene was first elucidated in 1923 by Simonsen era/.5
At that time their identification was limited 10 the tricyclic ring system. vinyl
group. tertinry methyl group and geminal dimethyl groups established chemically
by degradation. Structures 1 and 2 (Scheme 1) were suggested for longifolene
according to its molecular fonnula. C1sH 24• the isoprene rule and the results of
these chemical investigations.
Schemel
The correct structure of longifolene, long an unsolved and complicated
chemical problem. was revealed in 1953 by Ourisson and Naffa6 on the basis of
tin X-ray crystallographic study of iongiColene hydrochloride 6 by Moffet and
Rogers.' and the chemical evidence that upon treatment with hydrogen chloride.
longifolene 3 undergoes a Wagner-Meerwein rearrangement to longifolene
hydrochloride 6 (Scheme 1).
Scheme 2
Further studies on the molecular rolation of derivatives of longifolene
suggested that the proposed stroeture 3 also represented the absolute configuration
of (+}-Iongifolene.8 This has since been confinned by several total syntheses.
1.2 Blosynlhesis
It has been established that the actual isoprene unit utilized in the terpene
biosynthesis is mevalonic acid 7 (or an appropriately activated simple
derivative).9,IO,lI three oC these self-condense with decarboxylation 10 Camesol Sa
and 8b, the simplest acyclic sesquiterpene (Scheme 3).
C\OH -CaGH-
~OH
8a(trans)
+
~OH
8b(cis)
Scheme 3
It is now clear that cis·famesol or trans-famesol are the precursors for the
cyclizalion 10 all the cyclic sesquiterpenes.
The biosynthesis of longifolenel2.ll (Scheme 4) stans with the cyclization of
cis·farnesol pyrophosphate 9 to give an eleven·membered ring carbocation 11 via
~
~ aS710 2 311 41 6 S 14a
II;
-H"
----
Scheme 4
species 10. The "inside" hydrogen at C·l of 11 undergoes a l,3-hydride shirt.
The conformation of 12, as shown 12n, provides considerable overlap of the
x-electrons at C-6 with those of the allylic ion at C·l, so that facile ..::ollapse
gives rise to the cis-fused bicyclic ion 13. The geometry of 13 ensures the
close proximity of C·7 to the double bond at C2-C3 and the fonnation of a C3-Cl
bond to give tricyclic carbocation 14, equivalent to 14n. This carbocation
undergoes a I, 2-carbon migration to give 15, which affords longifolene 3 by
deprolonation,
It should be noted that the mechanism and the intermediates shown in
Scheme 4 do not necessarily represent Ihe actual enzymatic processes, but they do
provide a useful framework far the rationaliution of the biosynthesis process.
PHDH..._ o 0,
16
Scheme 5
17
Arigoni and his co-workers have experimentally investigated the biosynthesis
of two antir.ocIal forms of langifolene and developed stereochemical models based
on their results. 14 Reasonable incorporalian of activity (0.1-0.2 %) from
r:tdiolabelled mevalonates into (+)-Iongifolene were achieved using cuttings of the
Pinus ponderosa tree (Scheme S. also cf. Scheme 4). A 1.2 carbon migration
was observed and a labelled hydrogen moved from Col to C·IO by 1,3 shift. The
mevalonoid {S-pro-R)-hydrogen and the (S·pro-S)-hydrogen migrate in the
biosynthesis of {+)·longifolene and {+Iongifolene respectively. IS
1.3 Addilion Initiated Ring Closure
Conjugated addition (Michael) initiated ring closure is an important synlhetic
strategy although few fulvene examples are known. It includes the nucleophilic
addition to an 0., ~-unsaturated carbonyl compound to produce an enolate anion
which subsequently undergoes an intramolecular ring c1osuret 6• 17. This type of
reaction was teniled MIRC (Michael Initiated Ring Closure) by Liule,18 who
showed that three, five, six and seven membered rings could be formed by this
method. However, the cyclizations were usually accompanied by some direct SN2
displacement. This is illustrated in Scheme 6.
Nu) _l k,",
~-
18
E=COzR
Scheme 6
X
CrE~o-E
Nu Nu
20 21
The ratio of the MIRe reaction product formed is clearly dependent upon
the conc-:ntration of the enolate as well as the rate constant for ring closure, Ie.:.
The concentralion of the enolale depends on Keq which is related to the relative
stabilities oi the conjugate acid of the nucleophile and the enolate. Therefore. if
Keq < I. a MIRC reaction should occur only when Ie.: is sufficiently large to
compensate for the low enolate concentration. The rate of ring closure to three is
faster Ihan closure to five or six membered rings. Thus, it is not too surprising
thlll the MIRC reaction has been used more often to construct the cyclopropane
ring. l'Jr.vertheless. even when considering closure to a cyclopropane. the MIRe
and SN2 reactions are competitive. It has been shown l9 Ihat both the solvent and
the nature of the intermediate generated from different nucleophiles exert a
remarkable effect on the course of the reaction.
1.4 Diels - Alder Reaction
The Diels-Alder reaction has become one of the most useful methods
available to the synthetic organic chemist since its discovery more than 60 years
ago.20 The abilily to generate simultaneously up 10 four chiral celllers in a highly
stereoselective and largely predictable fashion has resulted in its application to
numerous synthetic targets.21 , 22 The intramolecular version has become popular
more recently and has also been employed in the construction a variety of
polycyclic ring systems in t~~ past fifteen years.23 Scheme 7 shows a simple
example of the intramolecular Diels-Alder reaction. Of the two possible modes of
addition. the fused mode usually predominates except with long chain lengths. If
the reacting molecules are themselves cyclic. and I or have ring substituents,
complex multicyclic compounds lore formed in a single step. The Diels-Alder
reaction provides a powerful tool for nalural product synthesis because these
multicyclic strUctures are contained in drugs and natural products and the
construction of these molecules arc often more difficult and lengthy by other
routes.
and/or
Bridged
Scheme 7
The Diels-Alder reaction proceeds through a highly ordered transition s:ate.24
In the intramoleclJlar Diets-Alder leaction some l,)i: the ordering has been achieved
by joining the reacting functionalities in the same molecule. This leads to
increased reaction mles under mild conditions lind successful reactions that would
fail even under forcing conditions in the intermolecular version. The constraints on
the diene and dienophile imposed by the connecting chain generally facilitate the
prediction of regia- and stereoselcctivity. Side reactions such as dimerization or
polymerization can generally be efficiently avoided by using high dilution. All of
these advantages account for the great interest in the study and applications of the
intramolecular Diels-Alder reaction and suggest that this reaction should be first
considered for any synthesis of a molecule containing a si",·membered ring fused
10
to other rings.2S,26
A number of Lewis·acid catalyzed Diels-Alder reactions have also been
reponed.27 The main problem with Lewis-acid catalysts is that the.' may dlso
cause side reactions. Diels-Alder reactions have large negative activation volumes
and in general can be accelerated under high pressure. Some Diels-Alder reactions
have also been carried OUI in the gas phase. under either static or flow conditions.
However, it is not possible to compare their advantages because the
corresponding solution reactions are lacking.
The Diels-Alder reaction has been reviewed frequently.21. 23-26. 29·37 This
indicates the worldwide interest. However, some facets are still imperfectly
understood and as our knowledge increases, this cycloaddition will be even more
widely employed for synthetic design and methodology.
1.5 Brieger's Work
In principle the complex carbon skeleton of longifolene could be buiit by
intramolecular Diels·Alder reaction between a cyclopentadiene and an
appropriate side-chain. As early as 1963, Brieger attempted 10 utilize this strlltegy
to synthesize longifolene.38 In his investigation, chloride 22, obtained from the
addition of hydrochloric acid 10 geranyl acetate, was treated with excess
cyclopentadicnyl magnesium bromide. The resulting product, actually a mixture of
cyclopentadiene isomers 23 - 25, was heated in refluxing pseudocumene (bp 176°C)
(Scheme 8).
He hoped that Ihermal equilibration of these isomers would cause the
5-substituted cyclopentadiene 24 to undergo an intramolecular Diels-Alder
cycloaddition to give the desired alcohol 27. However, the reaction gave a nearly
quantitative yield of alcohol 26, which corresponded to the cyclization via the
11
to~
Cl 22
~
~!J Cj _Cj~ -.r r r
HQ 23 HO 24 HO 25
~ t t
~ 1;(" 5 00
26 27 28
Scheme 8
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I-substituted cyclopentadiene 23,
This result showed that the substituted cyc!opentadiene underwent a facile
1,5-sigmatropic rearrangement and the intramolecular Diels-Alder adduct of the
I-substituted isomer 23 was thermodynamically slable. In addition, it was clear
that cycloaddilion to yield a cyc10hexane from a Col substituted cyclopenladiene
was preferred to the competing pathway to a cycloheprane. Subsequent studies
have confinned Ihis behavior and C-S products arise only when the side-chain is
shortened to two linking atoms, as other transition stales are extremely strained
(if. Grubbs' work discussed below).
In spite of the lack of success of Brieger's synthesis of longifolene, the
synthetic plan was concise, and it was possible that the target molecule could be
realized with some modifications in the approach.
1.6 Cyclizalion of Substituted Cyclopentadienes
Cyc10pentadiene is useful for the formation of bicyc10[2.2.l)heptane
compounds for natural product syntheses.2S Considerable research work has been
done to study the rearrangement of substituted cyclopentadienes :1941 and
corresponding competitive Diels-Alder cyc]oadditions.42,43 It has been established,
as mentioned above, that the I, S-sigmatropic rearrangement occurs under very mild
conditions and a mixture of isomers was usually observed even when the pure C-S
isomer was used initially. The composition of the isomeric mixture depends in
part on the nature of the substituent and not on the method of the synthesis.41
The intramolecular Diels·Alder reaction of substituted cyclopemadienes has been
carefully examined by Grubbs and Still.d4 They employed cyclopemadiene
compounds tethered to an Ct, lJ·unsaturated ester functionality as the Diels-Alder
reaction precursors. Several functionalized cyclopemadienes were prepared with
~E
1·(CH2)n
29
~ CpMgCl
30 31 32
*
~ ~ &"
33 34 3S
0=2 n= 3,4
E-C02R
Scheme 9
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different tether lengths. These substrates readily underwent intramolecular
Diels-Alder reaction at mild temperatures (Scheme 9). They showed that the
cycloaddition proceeded favombly from a transition state in which the tether
formed five- or six-membered rings, but products of type 35 were energetically
disfavored.
1.7 Fallis' Work
It is apparent that a successful inttamolecular Diels-Alder approach
tricyclic skeleton from a 5-subslituted cyclopcmadiene requires chher blocking the
l,5-sigmatropic rearrangement or arrnnging for the cycloaddition to compete
efficienlly with the rearrangement Unfonunately, it has been found that even
chlorine does not block the sigmatropic rearrangement and it migrates before the
cyclization.43 This means the "blocking" is nOI necessarily straightforward. Based
on this realization a successful approach has been developed in our research group,
as shown in Scheme 10. It employs a suitable spiro[2.4]heptadiene of type A to
fonn the desired Diels·Alder adduct of type D. The cyclopropane unit blocks the
1, S-sigmatropic rearrangement and, after the selective cyclopropane ring opening,
also serves as latent functionality to provide several types of natural products.
This strategy has been successfully applied to the total synthesis of
sinularene.4S Related studies revealed an oxygen substituent (X group) in the
sidechain at the carbon adjacent to the cyclopropyl ring was essential for a
successful cycliUltion.~
15
~R ~ CHJ #<R A
Sinularenc
ft
;/
cQC b "b"-
:'CHl "c"
~ l..ongirolc'nc
R-H arCH] h
Sativcne
Scheme 10
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CHAPTER 2
LONGIFOLENE: PREVIOUS SYNTHESES
The intricate molecular construction of longifolene has attracted a good deal
of attention in the past three decades and served as a challenging test for synthetic
principles and methods, especially with respect to the construction of ring systems
and carbon networks. To date there have been six published total syntheses of
longifolene and [u least nine unsuccessful attempts.
A brief survey of tht, reponed symheses of longifolene reveals that each
approaci, employed different strategies and methods for the construction of the
tricyc10undccane carbon skeleton,
2,1 Corey's Synthesis
The first, well·known, total synthesis of longifolene was reported in 1964
by Corey et a1.41 The bridged ring system was constructed by an intramolecular
Michael cyclization of a homodecalin derivative 39, as shown in Scheme 11.
The Wieland-Miescher ketone 36 was employed as a staning malerial and
convened via tosylate 37 and a pinacol rearrangement, resulting in a ring
expansion. 10 the required homodecalin 39 (41-48%).
Precedent for intramolecular Michael reaction of this type existed in the
base.colslyzed cyclization of santonin to santonic acid. Although the
transfonnation of santonin to sanlonic acid was smooth, the corresponding
cycliUltion of homodecalin 39 to the tricyclodikelone 40 proved to be much less
facile and yields of only 10-20% were obtained.
00)
36
42
1.lJAlH. J:;J2. H2NNH2• Na
HOCH2CH20H
_ 0
190·19SoC
3.C~.AcOH ,
43
Scheme Jl
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Artel the construction of the diketone 40, the a-methylation of the enolalc
derived from 40 afforded the diketonc 41. The cycioheplanC carbonyl was reduced
by the combination of hydride reduction and Wolff-Kishner reaction of the
thio-ketal 42. followed by chromic acid oxidation to give longicamphenylone 43.
Addition of methyllithium 10 43 followed by dehydration of the resulting tcrtiar;
alcohol 44 gave racemic longifolene.
To prepare the optically active product, intennediate 41 was treated with
L·(+)·2,3·;JUlanedithiol and the fonned diastcreomers were resolved. The optically
active Ihiol 42 was then convened to optically active (+l-Iongifolene 3.
2.2 McMurry'S Synthesis
The second synthesis of longifolcne was reported in 1972 by McMurry and
Isser.48 They utilized the same slaning material as Corey, bue their approach was
10 form the tricyclic carbon skeleton of longifolene via intramolecular alkylation of
a bicyclic kelo epoxide as outlined in Scheme 12.
The Wieland-Miescher ketone 36 was convened to the keto epoxide 45,
whose enolate underwent an intramolecular epmtide opening 10 provide Ihe tricyclic
keto alcohol 46 in high yield (93%).
Completion of Ihe synthesis required addition of a funher methyl group
after ring expansion to form Ihe dimelhycycloheptane ring of the natural product.
Therefore. the alcohol 46 was dehydrated to give the endocyclic olefin ..., which
was Ihen trealed with bromoform and potassium tCrl-butoxide, and the dibromo
cyclopropane adduct 48 was obtained as the only isomer. Ring expansion was
accomplished by solvolysis of 48 with silver perchlomle 10 yield allylic alcohol 49
quantitatively and 49 was immedialely oxidized 10 give the enedione SO.
Introduction of Ihe methyl group by conjugate addition of lilhium dimethylcuprate to
19
36
~;~"~+~~~OVU3~~~ ~
31:69 4S
\ N'HtDMSO
~u ?h0
~OH
51
1. NaBH4 J
2. MsCr,
E~N.CH2CI
J;fo
50
dB'~, ~ ~O. ?s~ ,·BuOK ~ CS<
48 47 46
~AgC10.
(=(OH CoO"Py
ct:r(-
49
1. H" RhCIPPh~~
2.Me~ O~
3. SOCI2. Py
53
Sch~me 12
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enediane SO resuhed in teuacyclic ketone 51, presumably by intramolecular attack
of the enelate generated after conjugate addition. The tricyclic system was
regenerated by base cataJyzed realTangement of mesylate 52 to give cnone S3
which was easily converted to longifolene.
2.3 Johnson's Synthesis
The !hird synthesis of longifolene. reported in 1975 by Johnson et al,o
utilized the acid-calalyzed rearrangement of an acetylene cyc1opentenol to consuuct
the tricyclic ring system of 100gl£0Ieoe.
The cnol acetate 5S was obtained from conjugate 11. :.iilion of the cuprate
derived from 1·iodo-4·hexyne to cnone 54 followed by trappi:1g the resulling
enelate with acetyl chloride. Funher manipulation of this acetate yielded alcohol
56. Treatment of alcohol 56 with triOuoroacetic acid gave the n"arranged tricyclic
alcohol 57 wllich constituted a rapid entry to the longifolelle framework.
In the presence of acid, the olefin 58 readily isomerized to the exocyclic
olefin 59. The ketone 43, an intennediate in both Corey's and McMurry's
syntheses, was obtained by oxidation and methylation of 59. Methyllithium
addition and dehydration of 43 provide racemic longifolene in eleven steps from
54, as shown in Scheme 13.
2.4 Oppolzer's Synthesis
The fou"'h synthesis of lorlgifolene was reponed in 1977 by Oppolzer and
Godel.so.sl In this synthesis an intramolecular [2 + 2) photoaddition-retroaldol
reaction sequence (deMayo reaction) was used to construct the complex longifolene
skeleton. as shown in Scheme 14.
43
21
2nB"'N'BH'CNi?
-- .£120 A
57
'~ A
2,SOCl"Py ~
Longifolene
Scheme 13
60 61
22
C(p
o 62!Ph:;;',OC(:{)C1
hv
63
66
Scheme 14
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The key inlennediate, enol acetate 63. was obtained from condensation of
l-morpholino-l-cyclopentene 60 with an optically active acid chloride 6) followed
by acylation of the resulting diketone 62. Irradiation of 63 gl1ve the cyclobutane 64
which upon hydrogenolysis of the protecting group underwent a spontaneous
retroaldal reaction to afford diketone 65. This procedure incorporated the required
stereochemistry without disturbance of the chiral center.
Crystallization gave the diketone 6S in 100 % optically purity. Introduction
of the gem-dimethyl group was accomplished ....ia Wittig olefination of the more
reactive cycioheptMone carbonyl, Simmons-Smith cyclopropanmion and
hydrogenolysis to yield ketone 66. the same imcnnediate as in the previous
syntheses, which was then converted 10 (+)-tongifolene by the literature procedure.
The overall yield was 24 % from the chirai acid chloride 61.
2.5 Schultz's Synthesis
The fifth synthesis of longifolene was reponed in 1985 by Schultz and
Puig.~2 They used an intramolecular diene-carbene cycloaddition. the synthelic
equivalcnt of an intramolecular Diels-Alder reaction between a diene and a
carbene. as the key step for consttuction of the longifolene seven-membered ring,
as shown in Scheme 15.
Cyclohexadiene 67 was prepared by Birch reduclion-alkyJation of methyl
2-methoxybenzoate and alkylated with Ihe dimethyl acetal of
2,2-dimelhyl·5-iodopentanal. Convcrsion of 67 to the key intermedinte 693 was
accomplished by (1) Treatment of 67 with N-bromoacetamide in methilnol to give a
diastereomeric mixture of bromoketals 68, (2) dehydrobromination followed kelal
hydrolysis during silica gel chromatography, and (3) acelal exchange. The aziridinyl
imide 69b generated by reaction of 69a with t-amino-l,tans-2,3-diphenylaziridine,
CQ
R
67
I.LOA,Mel
2.MeU
3. SOO"Py
(-)-Longifolene
Scheme 15
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a: X ",CHO 69
b. X =CHN.N~~:FHPh
Xylene. I
reflux ~
2S
on thermolysis gave tricyclic keto-ester 70. The tricyclic compound 70 was
converted to 66, all intermediate in Oppolzer's synthesis, by olefin hydrogenation
and decarboxylation. Transformation of 66 10 racemic longifolene followed the
literatun: procedure.
An enantiospecific synthesis of (-)-Iongifolene was also achieved, via Birch
reduchon·akylation of a chiral benzoic acid derivative 10 give the chirol
cyclohexadiene 67.
2.6 Money'S Synlhe.l:>
The six.th and the most recent synthesis of longifolene was reported in 1986
by Money and Kuo.~J In their synthesis. (+)-camphor was employed as Ihe chiral
staning material and B tiranium tetrachloride promoted cyclization provided the
tricyclic intermediatc74 which served as the synthetic precursor of (+)-Iongifolene.
This enantioseleClive synthesis began wilh the conversion of (+)-camphor 71
to (+}-8·bromocamphor 72. The bicyc:lic trimelhylsilyl ether 73, derived from 71
after nine experimental steps, underwent facile intramolecular cyclization when
treated with titanium tetrachloride to give a mixture of diastereomcric
methoxykct01\eS 74a and 74b. Subsequent reaclions provided the ketone 7S and
the acetate 76 wilh the required geminal dimelhyJ group. Reductive removal of
the acetate and oxidation gave (+}Iongicamphor 77, which was convened into
isolongibomeol 78 by lithium aluminum hydride reduction. Dehydration of 78
yielded (+)·Iongifolene 3 via a Wagner-Meerwein rearrangement to complete the
synthesis.
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CHAPTER 3
SYNTHETIC PLAN
It is fashionable 10 analyze a target structure by reuos)'nthClic bond
breaking sequences. However, the direct simplistic application of Ihis idea often
leads 10 long, unimaginative synthetic sequences. As described above the direct
double disconnection is not suhllble, as Brieger discovered due to the dominance of
the 1.5-sigmatropic rearrangement and lhe preferred cyclizalion to 26 (see Scheme
8).38 Frequently creating a new bond in a target structure allows onc 10 generate
a new species which is more amenable to direct synthesis. Longifolcne represents
such a case. Creation of a new bond (arrow) in i (Scheme (7) leads 10 a new
tetracyclic species A. A double disconnection of Ihis synthon leads to the pan
sttucture B which can be transformed into a tricoe C which contains the required
functionality for the reverse of the reuosymhelic step via a Diels-Alder cyclization.
To reduce these ideas based on the cyclopropyl conceprt5 to practice the
strategy outlined in Scheme 18 was envisaged which possesses several interesting
synthetic features.
(1) The cyclopropane ring present in the spiro[2.4Jheptatriene iii will block
the generally dominant I,S-sigmatropic rearrangement of cyclopentadienes under
Diels-Alder reaction conditions. This eyelopropyl unit represents it latent methylene
group and subsequently undergoes a selec::ive cleavage of the interior cyclopropane
bond to provide the triC).::!0[5.4.01".06,IOJundecane ring system possessed by
longifolene.
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(2) The Diets-Alder adduct ii possesses all of the fifleen carbon atoms
required and suilable functionality 10 allow the introduction of the exocyclic double
bond of longifolene.
(3) Based on the experience gained from the sinularenc synthesis, a bulky
C-5 oxygen substituent is essential 10 ensU«: that lhe desired intrnmolecular
cycloaddition will proceed as required.46 In a relTOS)'nthetic sense, the prepartllion
of structure iii (5.hydroxy a.p-unsaturated ester) could arise from a selective
'Y-condensation of Ihe spiro-aldehyde iv with an anion derived from methyl
3.3·dimethylacrylllte.
(4) The spiro·aldehyde iv may be generated by oxidation of the
spiro-alcohol v. The latter can be obtained from an addition initiated ring c1O!iure
involving mcthyllithium and an cpoxyfulvcnc vi, which in tum may be synthesized
from conunerciaUy available materials by known methods.16
A further potential featuR: of this Slntegy arises from the geometric
constmms imposed by me Diels-Aldu transition statc. From Sche~ 19, it is
apparent that only conformation Ia will permit the cyclization, while confonnation
Ib will not undergo adduct formation because the dicnophile is not aligned with
the diene as required for the cycloaddilion. Therefore, if the cyclopropyl unit is
chiraJ, the stereochemistry of the asterisk carbon will control the cyclization to
lead to an optically active adduct, from which the chiral longifolene may be
synthesized. Interestingly, the chirality of this asterisk carbon will disappear after
reductive cyclopropane ring opening. To achicve the chiral heptalricne I, a single
enantiomer of spiro-alcohol v (Scheme 18) is necessary, which may be obtained
either from a chiral sianing material or by resolution (el Scheme 29 in Chapter
6).
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In spite of the failure of the Brieger's approach it might succeed without
resorting to a blocking group if direct cyclization from a C-5 substituted
cyclopentadiene was the most favorable pathway. In theory this might be
accomplished by confining the dienophile 10 a cyclic system in which the adducis
from Ihe C·l and C-2 substituted cyclopentadienes are excessively strained. This
will be discussed in more demil below but structure D (Scheme 17) represents this
approach in which X is a functionality that will allow subsequent ring cleavage
after cycioaddition. Molecular models reveal that cyclization of 0 should be
preferred over E due to Ihe strain inherent in the cyclohexane adduct. II should
however be emphasized thai no carbocyclic example of direct cycloheptanc
Cannaricn is known.
PART II
RESULTS AND DISCUSSION
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CHAPTER 4
INTRAMOLECULAR DIELS - ALDER REACfION
4.1 Epoxyfulvene Preparation
The epoxidation of methyl vinyl ketone under the basic condition in
methanol gave the racemic epoltide 79 (Equation 1) in reasonable yield (60 %),
The epoxide 79 is quite stable and can be stored in a refrigerator for several
months.
o
~
79
Equation 1
The condensation of epoxide 79 with freshly prepared cyclopentadiene was
conducted in the presence of a catalytic amount of pyrrolidine to give epoxyfulvene
80 (Equation 2) in a highly efficient manner. Other bases resulted in lower
yields and extensive decomposition.16,54 The lH nmr spectrum of 80 displayed 11
characteristic four proton multiplet at 56.35 for the vinyl protons, a vinyl methyl
singlet at 1.91. a multiplet at 2.82 for the methylene hydrogens. and a doublet of
doublets () '" 1.5. 1 Hz) at 3.90 due to the methine hydrogen. These features
suppon ~he assigned structure.
This bright brown compound is very unstable at room temperature and
therefore was used for the next synthetic step as soon as possible. (It may be kept
below _20°C for up to 48 hours) In one case, a small explosion and production
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of a noxious smoke was observed when a large: amount (ca. 20g) of frozen
epoxyfulvene 80 was allowed to warm to room temperature. The compound
became a black mass of polymer-like matcrial. However, it is safe to use Ihis
compound immediately afler preparation.
,.
Q
H
-+
MoOH ~o
80
Equation 2
4.2 Epoxyrutvene Cyclization
It is well established that the exacyclic double bound in fulvene is polarized
and of reactivity similar to a carbonyl group.55 This means, in principle, that
nucleophilic attack may occur at the exocyclic fulvene double bond or at either
end of epoxide in 80, Thus the nucleophilic attack could generate several different
products. However, the treatment of epoxyfutvene 80 with methyllithium at -7S"C
resulted in the fonnation of spifOoalcohol 82 as the sole product (55%) and the
recovery of starting material 80 (35 %) after work-up and chromlllography. The IH
nmr spectrum of the product displayed two methyl singlets at 8 1.40 and 1.42. the
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cyclopropyl hydrogen as a triplet (J '" 7.5 Hz) at 2.39, the methylene protons as a
doublet (1 = 7.5 Hz) at 3.78, and lhe four cyclopentadienyl protons as three
overlapping multiplels at 6.30. 6.45 and 6.57. allofwhich were consistent with the
assigned structure. In this case the methyl anion preferentially anacked the C-6
Culvene centre to generale the cyclopentadienyl anion intermediate 81 which
cyclized to Conn the cyclopropane ring by exo-tet cleavage of the epoxide ring
(Equation 3).
~o
80
[~]-!2v
81 82
Equalion 3
A mill.ture of product and starting material was always obtained even using
a large excess of rnethyllilhium and longer reaclion times.
4.3 Cyclopropyl Alcohol Oxidation
The cyclopl"'''lyl alcohol 82 was sensitive to chromium based oxidizing
rengents. The cyclopropyl aldehyde 83 was prepared with active manganese
dioxide oxidation in good yield (86 %) (Equation 4). The lH nmr of 83 showed
the aldehyde proton as a doublet (J = 6 Hz) at S 9.56, the disappearance of the
methylene protons al 3.78 and Ute change of the cyclopropyl hydrogen at 2.78
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from a triplet 10 a doublet (J '" 6 Hz).
I[)
~OH
8>
MnD,I-
-----CH20:Z' reflux, 12h
Equation 4
The method of preparation of the active manganese dioxide significantly
influenced the oxidation,56 The most effective manganese dioxide for our case was
obtained from the reduction of potassium pennanganale by charcoal:S7 In practice,
a large excess of charcoal was used to prepared the manganese dioxide and the
unre3eted charcoal remained in the product mixture as a part of the reagent. It
was discovered that charcoal from different companies had different levels of
effectiveness. The chan::oaI from the 1. T. Baker Company was the best one in our
wod<.
An alternative preparation of aldehyde 8J from alcohol 82, in excellent
yield (94 %). employed Swem oxidation using oxalyl chloride and highly dried
dimethyl sulfoxide. However, wilh larger 5Cllle reactions (ca. 0.02 mole), the
manganese dioxide/charcoal oxidation was preferred due to the convenience of the
work-up and pnxluct separation,
4.4 a. vs .., Condensation
To prepare a Diels· Alder precursor, such as struclure iii (Scheme 18), we
required a reliable procedure 10 inlroduce direcliy a conjugated allyl unit 10 Ihe
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spiro-aldehyde 83. This n:cesshales a rcgioselectivcly controlled condensation of an
allyl anion with an aldehyde (Scheme 20).
base
<b,5O
aCHO
RCHO
OH
R~E
yProduct
R~
E
«Product
Scheme 20
Literature methods are available 10 generate the a-product in a controlled
manner but only • few reportS describe the regiosel.:clive preparation of the
l-product. The control of a liS T substitution in hcteroatorn-stabiliz.ed allylie
anions and resonancc-SlnbiIiud enalates depends upon the complex interplay
between the nature of the lIoms, charge deloca1iz.ation. steric effects. solvation,
the tJ pc of clcclrOphile. and the counter ion. These difficulties are compounded
by the observation that halides and carbonyl systems oflen exhibit opposite
regioselectivities.S8
Hudlicky and his co-workers found the regioselectivity in the Refonnatsky
reaction of tthyl 4·hromocrotonate with carbonyl substrates depended on the
polarity of solvents and the hardness of metal catalysts.81 We tested his modified
Refonnalsky conditions using dry zinc and tetrahydrofuran. It worked well when
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either methyl 4-bromocrolonatc or methyl 3-bromomethyl·2·butcnOaIC (TobIe I.
entry 1. p 41) were reacted with bentaldehyde and gave the y-produci exclusively.
Unfonunately the reactions (Table 1, entries 5 and 6) with the spiro.aldellyde 83
gave 60: 40 and 40: 60 aIr mixtures (Scheme 21), presumably II consequence of
the hindered environment of Ute carbonyl ~(lUp. Modification of the reaction
conditions using an ultrasonic bnlh or dimethoxyethane (OME) as the solvent
provided no significant improvemem in the a I y mlio.
Various lithium anion-salt combinations derived from 2·ethylidene-l.3-dithane
were examined (Scheme 22). Ziegler and Tam demonstrated earlier thai 1I11ylation
of the lithium anion derived from 2-ethylidene-l.3-dithiane afforded the a-product
preferentially, while the corresponding copper derivative gave the 'V-prodUCI
exclusively.~9 However, in the case of the cuprate derivative with spiro-aldehyde
83 a significant quantity of the a-product was obtained (fable I, emry 9), ahhough
the y-product dominaled. Added zinc salts did not influence the regiosele<:livity
and the a-produci dominated in the presence of zinc chloride (Table I, entry 8).
Except for the reaction of organocadmium reagents with acid chloride,
organocadmium species have received relatively little 3ttenlion.60 Pure, salt free
alkyl cadmiums do not react with carbonyl compounds but this reactivily cun be
altered markedly by the addition of magnesium or lithium salls, 61.62 which means
that in situ cadmium reagents prepared from organoJithium compounds or Grignard
reagents can be efficiently used to react with carbonyl compounds. Thus the
addition of cadmium chloriae powder to the lithium anion at .7SoC was examined
(Scheme 23). The appropriate carbonyl compound was added to this reagent and
the reaction was allowed to warm to O°C followed by quenching with saturated
aqueous ammonium chloride. As summarized in Table 1 all reactions of the
lithium anions with added cadmium chloride resulted in y condensation products
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predominantly with ex.cellent yields (Table I, entties 2, 4, 10 and 11).
Further studies showed Ihal if the reaclion was quenched aI -7SoC with an
acetic acid solution in retrahydrofuran. the a substituted material was the only
produci. Equilibration at oDe for enough time (monitored by lLC) to allow
rearrangement to the r-product was required. Treatment of a-product with lithium
dHsopropylamide and cadmium chloride at oDe for one hour resulted in almost
same oty calio (88: 86:::: 10: 90. Scheme 24), This proved that the y substitution
observed was a consequence of isomerization 10 the thennodynamicatly more stable
product. It should be mentioned that a lactone resulting from the y-producl was
also found. similar to the case of the chiral materials employed and discussed in
Chapler 6.
Lithium amides add in a conjugative manner to methyl ClOtonate unless
hexamethylphosphoramide (HMPA) is present,61 Thus addition of HMPA was
required for complexation and deprOlOnation of methyl crotonate (Table I, entry 3).
This reduced the influence of the cadmium reagent. The y selectivity also
diminished in the presence of more soluble salts such as cadmium iodide, These
results suggest that the solvation effects are of prime importance in establishing the
regioselectivity.
Relatively few investigations into the composition and structure of
organocadmium reagents have been carried out, "Purified" cadmium reagents,
isolated by distillation, have the dialkyl structure, for example, di-n-butylcadmium,62
However, the structure of in situ alkylcadmiums are complicated and may be
markedly different. We found that yields were less and the reactions were
incomplete if the ratio of the lithium to cadmium species was not 2: 1 molar
equivalents. Further work will be required to determine the exact nature of the
reactive cadmium reagent.
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TAIlLE ] a VS y CONOENSATIONS
Entry Aldehyde Subslmlc MCl,ll/Salt o.:'{ Isolated Ykld
C§r'CHO BrCH2'1=\ Zn(THF) 0:100 R5%
C02Me
1=\ LDA/CdCI2 15:85 75%C02Ma
'=\ LiNCy~CdCI2 50:50 90%C02Ms HMPA
'=<) LDA/CdCI2 10:90 95%
:R BrCH2~ Zn(fHFj 60:40 (,0%CHO COzMe
BrCH2V-
Zn(THF) 40:60 CiYk
°zMe
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'fAilLE J a \IS y CONIlENSATIONS (Continued)
ElIlry Aldchyuc SubSlrillc Metal/Salt 0.:1 Isolated Yield
~ ,=<5)CHO LDA 90;10 96%5
LDA{lnCI2 60:40 70%
LDA!) 35:65 61%
Cul.P(OMe)
10 LONedel2 10:90 90%
II
MC02Me
LDAfCdCI2 15:85 90%
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Scheme 21
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C: LOA I CuLp(OMelJ
0: IDA/CdC!,
93
94
R",PH 9S R-Ph
96 R=9?
Scheme 22
97 8S R-Ph
86 R""5?
87 R=Ph
88 R'9?
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4.5 Protection of Hydroxy Ester
The direct use of the hydroxy ester 86 for the Diels·Alder reaction was
unsuccessful, since even in refluxing benzene the hydroxy ester 86 slowly
decomposed. Meanwhile, it was found that a bulky substituent attached 10 the
hydroxyl would enCQuruge this tricne precursor to exist in an appropriate
confonnation for cyc1oaddition. Therefore. the rert-butyldimethylsilyl group was
employed as a suitable protecting group. Surprisingly, the nonnal methods 10
conven alcohol~ to silyl ethers failed in this case, possibly due 10 the steneall)'
hindered environment of the hydroxyl group. A modified condition for hindered
alcohols63 was employed in which rerr-butyldimethylsilyl perchlorate was prepared
ill situ from alkylsilyl chloride and silver perchlorate. This silyl reagent reacted in
acetonittile with excess pyridine to afford 100 in 93% yield (Equation 5).
••
Equation 5
O~~I_~~C02MC
. H
100
4.6 Attempted Hydroxy Dithiane Dioxide (102) Preparation
The hydroxy dilhiane dioxide was proposed as an alternate Diels·Alder
reaction precursor because of the known power of the sulfoxide substituent as the
dienophile group. Compound 102 could be obtained from the condensation of
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spiro-aldehyde 83 with lithium anion of 2-ethylidene-l,3-dithiane 1,3·dioxide 101 in
the presence of cadmium chloride (Equation 5).
RH,$U,=<:)
o 0
83 101
Equation 6
The dithiane dioxide 101 was synthesized from the corresponding dithiane by
sodium periodate oxidation64 (Equation 6). However, this white crystalline
compound was largely insoluble in mosl organic solvents except in dichloromethane
lind created difficulties in the subsequcm synthetic step. A phase-transfer reaction
was tried in a mixture of dichloromcthane and aqueous sodium hydroxide solution
in the prescnce of benzyllrimelhylammonium hydroxide as a phase - transfer
catalyst. Unfortunately. the reaction gave a complicated mixture of products.
92
MeOH/THF
Equation 7
o
~~)
"o
101
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4.7 Intramolecular Diels· Alder Reaclion
In spite of the attention the intramolecular Diels-Alder reaction has received
some facets are still imperfectly understood. Thus cycliZlltions that look promising
sometimes fail. A series of unsuccessful themal Diels-Alder reactions reluted to
this work are listed in Table 2 (p 52). The triene 100, a promising precursor, was
unstable in refluxing dichlorobenzene (Table 2, entty 3) and barely cyc1ized m
lower temperature even when healed for a long time (fable 2, entry I). The
reaction in refluxing toluene (Table 2, entry 2) was not complete after 24 hours
and gave a low yield of adduct accompanied by decomposition. This lead 10 the
conclusion that for a successful Diels-Alder reaclion of the trieoe 100 a reaClion
temperature higher than lwoe was necessary but the reaction time should be as
shon as possible. Therefore, a highly efficient thermal source was required.
Until recently microwave ovens have ROC received much attention as
controlled thermal sources for conducting routine chemical reactions. However,
recent studies indicated that microwave over.~ could be safely used to increase
dramatically reaction rates. 6S While our work has been in progress repons of the
use of microwave ovens for Diels·Alder reactions have appeared. 66, 67 We were
interested in the rapid heating capability of the microwave ovel, and utilized it in
our Diels-Alder reaction.
The reaction was carried out in a screw - cap pressure tube (Pyrex vessel) in
a commerdal Toshiba Model ERS-6630C (720 Waul or Magnasonic Model
MMW3000 (500 Watt) nlicrowave oven. The power setting at 500 waus was used
throughout. The pressure tube was placed in the microwave oven through n hole
drilled through the top of oven and encased in Teflon. The diameter of the hole
should not be larger than 3 cm otherwis~ serious microwave Icaknlle may occur.
The pressure tube was insulated with damp vermiculite 10 encourage heat transfer
so
since the magnetron was tuned to the water frequency (2450 MHz). In addition,
all microwave oven experiments were conducted in a fumehood (see Fig. 1, P 53).
The solvents for microwave reactions must have a certain magnitude of
dipolar moment otherwise the solvent cannot effectively absorb the microwave
energy. However, solvents such as acetone, ethanol, dimehtylfonnamide (DMF) etc.
with large dipolar moments explode casily in the pressure lUbe under microwave
oven thennal conditions.66 Reagent solubilities in the solvents available sometimes
create difficulties. From our experience, toluene was found 10 be the best solvent.
We have never experienced any difficuily or explosions perfonning Diels-Al:ler
reactions in toluene but a pressure lube exploded during a Wittig reaction in DMF.
In spile of some literature examples DMF should not be employed in microwave
experiments.
Thus, the triene 100 was prepared as an approximately 0.05 M solution in
toluene and I % molar equivalent of hydroquinone added to prevent radical
polymerization. The time taken for reactions depended on the reaction scale,
generally from 0.5 h to 2 h. The adduct 103 was obtained in an excellent yield (92
%) (Equation 8). The hydroxy ester triene 86 was examined in the Diels-Alder
reaction under the same conditions but no cyclization was achieved (Table 2, entry
6). Clearly, the bulky tert·butyldimethylsilyl ether substituent in the side chain
assisted the cycloaddition and minimized decomposition. The stereochemistry of the
Diels·Alder adduct will be diSl:ussed in Chapter 6.
The dithiane triene 104 was prepared as an alternative Diels·Alder reaction
precursor. The acylmion of the hydroxy group failed and methylation was
employed as an alternative protecting method. Again a modified procedure87 was
used for this highly stericnlly hindered hydroxy group (Equation 9). Unfonunately,
the Diels-Alder reactions of triene 104, thermally or in the microwave oven, were
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unsuccessful (fable 2, entries 7 and 8). We did not investigate the Oiels-Alder
reaction in the tut-butyldimethylsilyl ether dilhianc trienes.
100
Equation 8
I~OSi+
H C01Me
103
94
KOH(s),MeI
--DMSO,Oac
Equation 9
104
T:lble 2 Dicis-AJdcr Rcaetiuns
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Rcaction Condition
benzene, rel1ux
toluene, reflux
24 Ii
o-dichlorobenzene
reflux,12h
Rcsl1ll
N.R.
10% 103
decomposition
I{)OH 14 ~C02Me benzene,reflux
86 H 24 h
toluene. reflux
24h
toluene.5calcdUlbe
microwave oven
.OOH~S\ benzene,rel1ux
10-1 SJ 48h
o-xylene, sealed tube
microwaveovcn,30min
p;lrlial decomposition
decomposition
N.R.
N.R.
N.R.
Small Hole
With Teflon Collar
Reaction
Solution
Teflon Screw-Cup
Expansion Sideann
Thick Walled Glass Prc~surcTuhl:
D
IT]
Microw:lveOven
Venniculile
Glass Bcaker
Figure! I Microwave! Oven Reaction Apparatus
54
CHAPTER 5
SELECTIVE CYCLOPROPANE RING OPENING
Desilylation of Diels-Alder adduct 103 afforded the required tetracycIic
alcohol 105 (Equation 10). A selective cyclopropane bond cleavage was now
required to afford the desired longifolene tricyclic ring system. As illustrated in
Scheme 25, there are three possible bond cleavages (a, b, or c) to give different
types of products. In general. the cleavage of bond c is least favorable unless
activating substituents are present. The following discussion will focus on the
series of attempted cyclopropane ring opening approaches summarized in Table 3
(p56).
103
Equation 10
105
105
b
-
Scheme 2S
55
~~
H C0:2Mc
106
d2~
H C~Me
107
;tt
H C02Mc
108
56
TABLE 3 SELECTIVE CYCLOPROPANE RING OPENING
Enuy Reactant Condition Ring Opened Product
~Oll1iOH H2• Pl02•EtOAc C02CHJCOlCH) IIH
'09IDS
I. H2•PdIC. EtOAc ~~~J;;CO'CHl2. PhOC(=SjO, Py3. BuJSnH. AtBN
III 112
~:~CHJ ~o3 Cr2(SO~h. Zn, DMF H C~CH3
lIS
116
~:CHl In, MeOH/AcOH, reflux i;;:,ollH H
118 JI9
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5,1 Hydrogenolysis
It is well established that cyclopropanes can be cleaved at the least
substituted bond by catalytic hydJ'Ogenolysis. Bond "a" and "b" in tctracyc!ic
alcohol IDS are nOI very different from the viewpoint of substitution, bUI bond "a"
seems less hindered than bond "h". Hydrogenation of tClracyc1ic alcohol IDS
afforded the bond "a" cleavage product cyclohexane alcohol 109 exclusively (Table
3, entry 1). Unexpectedly, under the same reaction conditions (H1• 6Opsi, Pt02'
EtOAc f AcOH, 24 h) the tert-butyldimethylsilyl ether 103 did not undergo any ring
opening. Apparently the hydroxy group assisted the reaction process through
coordination with the catalyst.
5.2 Radical Ring Opening
The physical organic chemistry of radical ring opening reactions has
received considerable study, but their symhetic applications are just beginning 10 be
developed. In principle. the reaction shown in Equation 11 could be used for the
cyclopropane ring opening of our tetracyclic alcohol 105 although the direction of
the ring cleavage is unclear.(8 It was hoped that radical ring opening would give
a preference for the desired product.
Equation 11
S8
The generation of the initial radical was accomplished stepwise: replacement
of the hydroxy group by a radical reaction precursor and then ueatment with a
slannane,69 We found the double bond in the IClracyclic alcohol 105 increased the
complexity of the products due to the tendency of the radicals 10 atlack the double
bond (Scheme 26). Therefore. the Ictracyclic alcohol 105 was first hydrogenated
and then converted into a phenoxythiocarbonate. a radical precursor as described by
Robins.70
~OH ~OC(.S)OPhPh~CI n.~Py AIBN
H C02Me H C02Me
Complicated
Products
lOS 110
Scheme 26
The radical ring opening reaction was carried out on a dilute solution of
phenoxy Ihiocarbonate compound (ca. 0.02 M) in refluxing toluene with slow
addition of tributyltin hydride and radical initiator azobis(isobutyronitrile) (AIBN).
A (9: 1) mixture of cyclopropane ring opened products 111 and 112 was obtained
(Table 3, entry 2). Different solvents and reaction times did not significantly
influence the composition of the product mixture.
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5.3 Reductive Ring Opening
It was established during research on sinularene that chromium (II) salls
reduced cyclopropane ketone 113 in DMF I H20 to give Ihe longifolene type ketone
114 selectively when Ine double bond was present (Equation 12),71
The same method was examined. The cyclopropane ketone liS was
generated l;,y Swem oxidation of cyclopropane alcohol 105 (Equation 13). A
chromium (II) solution was prepared by zinc reduction of chromium (III) sulfate in
DMF I H20 and used immediately. However, Ihc treatment of cycloprop:lnC ketone
115 with Ihe chromium (11) sulfate solution for 36 l) at room tempernturc did not
give any ring opened product. Upon heating the reaction solution or in the case
of chromium (11) sulftltc prepared in sjtu (an exothennic reaction), the cyclopropane
isomerization product 116 was obtained as a sole product (fable 3, entry 3). This
was consistent with the observation that the isomerization of the cyclopropane in
this strained tetracyclic s)'stem was quite facile. In fact, during recl')'stallization
(EtOAc I hexane) of the hydrogenated product from the tetrac)'clic alcohol 105,
isomerization occurred when the solution was warmed (see Experimental).
113
Equation 12
114
~oo
H ~Me
lOS
CIC(=O)C(=O)CI, DMSO
-
Equation 13
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The previous work" also ft}und that the reduction of cyclopropane ketone
113 with zinc I zinc chloride in methanol afforded 75% of the bridged
cycloheplanonc 114 (longifolene type) and 25% of the bridged cyclohexanonc 117
(sinularene type). (Equation 14)
113
Equation 14
114 117
6\
The application of this method to cyclopropane ketone 115 did nOI resuil in
a ring opening reaction, but it induced acid catalyzed isomerization of the ester
substituent. A modified zinc reduction (Zn, MeOWAcOH, reflux) of the
cyclopropane ketone 118, obtained from hydrogenation of the alkene ketone 11 5
(Equation 15), resulred in the isomerization of the substituted cyclopropane ring to
the isopropyl substituted cyclohexanone 119 (Table 3, entry 4). Hydro£.. aation was
conducted prior to the zinc reduction because the reaction gave a compliclned
mixture of products when the double bond was present.
Dissolving metal reductions have been applied to the cyclopropane bond
cleavage of conjugated cyclopropyl kClones.72 They are subject to a variety of
influences. LilhiumJammonia reduction of cyclopropyl ketone 120 afforded a
mixture of 121 and 122, in which the longifo!ene type product 122 WllS the
minor constituent Te" facilitate the analysis resulting diols hydrogenated (Scheme
27).71
~o
H C0:2Me
tiS
H2.(20psi)
-Pd/C, EtOAc, 2h
Equation 15
;f;(0
COZMe
2. HZ
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DOH + DOH
O-ZOH O-ZOH
120
Scheme 27
121
10 :30
122
Lithium / ammonia reduction of cyc1opropyl ketone 118 in ether solution at
_78°C afforded a I: I mixture of blnd "a" opened product 123 and bond lOb"
opened product 124 (Table 3, entry 5). Here also the double bond must first be
satur-lled to avoid rearrangement products. The amount of lithium and the real.:!ion
time were cootroned to prevent the further reduction of the carbonyl groups.
This was the best resull obtained for the cyclopropane ring opening,
although the 1 : 1 mixture was disappointing. The products could not be separated
so the m:xlUre was used directly for (unhcr synthesis,
5.4 Auempted Ketone Reduction
The remaining steps are illustrated in Scheme 28. II was anticipated that
the unwanted isomer could be successfully separated at one of the synthetic stages
before the acetate pyrolysis required 10 generate the exocyclic double bond.
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1;[ Tr~NHl l;r'~'~
2M'H H
124
I2S!LiAIH,
11 1. Ao,O,Py Ji.~•....... __ ..2. Pyrolysis
Longifolene
126
Sc.heme 28
The fennalion of tosylhydrazone 125 proceeded wilhom any difficulty but
the separation of products still remained a problem. Treatment of Ihis mixture
with lithium aluminum hydride provided a complicated mixture of reduced
products. From the spectroscopic analysis (JR, NMR), Ihis new mixture contained
products at different stages of reductiOl1. This W;lS not satisfactory so the
synthcsili of racemic longifolene was Slopped at this Step (if. Experimcnlal).
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CHAPTER 6
ENANTIOSELECTIVE SYNTHETIC APPROACHES
6.1 Initial Approach
As previously discussed in Chapter 3, stereochemical control of Ihe Diels-
Alder cycliz.ation should be possible using an optically active spiro-cyclopropane-
cyclopentadiene as Ihc precursor (see Scheme 19). Our initial approach to
optically active material is shown in ~cheme 29.
The cyclopcntadienyl anion d cyclizes in an e.xo-tet manner to generate the
(IR).spiro[2.4)hepla-4,6-diene alcohol c. Therefore, one... the stereochemistry of the
ast:::risk carbon is constructed in Ihe epox.ybutanol g, its chirality will be carried
through the whole synthetic sequence and control the stereochemistry of the
Diels-Alder reaction. In principle, the optically active cpoxide g could be prepared
by Sharpless epoxidation of 3·buten-2·ol h.
6.2 AUemptcd Sharpless Epoxidation
Sharpless and his co-workers reported that the kine!•.,: resolution of
secondary allylic alcohols could be achieved by epoxidation with tcrt-butyl
hydroperoxide (TBHP) involving a catalytic amount of the titanium tartrate complex
in the presence of molecular sieves (Scheme 30).1) In the case illustrated, the
epoxy alcohol product is the type of compound we desired for the enantiosc1ective
synthesis.
We followed the same procedure in an allempt to prepare the (28, 3R)
1,2-epoxy-3-butanoi g, the key intermediate, from the racemic 3-buten-2-ol and
examined the stoichiometric method as well.93 Unfortunately, all auemplS failed to
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give lhe desired product in a signiflCant yield. This low molecular weight allylic
alcohol seemed unstable under the Sharpless epoxidation conditions.
OH n(OiPr).
1 ~ (+}D1PTR'~R'-""'-'-"
TBHP
127 3A Sieve
·20·C
OH OH
R~R+R'~R
o
128 129
Scheme 30
6.3 Resolution of the Spiro Alcohol (82)
In view of the diffICulty experienced preparing optically active epoxy
alcohol g. the possibility of resolving the racemic spiro alcohol 82 was examined
since the compound was relatively easy 10 prepare and fairly stable in storage.
Today it is possible to carry our resolutions of organic compounds with 8
high probability of success. although resolutions are oflen still tedious. In general,
rncemic alcohols are resolved by forming diastereomeric eSlers. bUI these methods
require acid-catalyzed esterification conditions. Earlier experiments established Ihat
spiro-alcohol 82 was unstable in acidic environments and. therefore. a resolution
nJ(~lhod under basic conditions was required.
(l).Menthyl chlororormate has been used to make carbonates and cabamates
for the analytical resolution of alcohols and amines several years ago,74 although
its preparative application was reported only recently for the resolution of racemic
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warfarin.i'S The formation of menthyl carbonates proceeds under basic conditions
and thus the stability of the acid sensitive spiro-alcohol 82 will nOI be influenced.
(.).Menthyl chloroCormate 130 was prepared from (·)·menthol and phosgene
solution in toluene at OoC in the presence of quinoline (Equation 16).14
Treatment of the racemic spiro-alcohol 81 with Ihis (-)-menthyl chlorofonnatc
solution (ca. 1 mmoVmL) in the presence of triethylamine gave II mixlUre of
products. Careful separation by flash chromatography afforded a componem IJI
(Equation 17). The cyclopropyl hydrogen appeared as a triplet at & 2.43 (J '" 7,2
Hz) in the IH nmr spectnlrn. A series of experiments with increasing
concentration of II chiral shift reagent (tris [ 3- (Irifluoromethylhydroxymethytene) -
(+) -camphorato I,europium (III) derivative) caused neither line broadening nor lhe
appearance of a new signal, confuming the p~sence of 3 single enanliomer. The
other components, including the diastereomer of 131, were difficult to purify by
flash chromatography.
CIC(=O)CI, PhCHJ
-Quinoline, DOC
Equ:ltion 16
000_
A
130
A + ~~
UOC(:OlCI~ OH
68
130 82
Equation 17
131
131 132
Scheme 31
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Lithium aluminum hydride reduction of (·)-menthylcarbonalc 131 in ether
solution provided the (+)-R-spiro-alcohol 132 (34% yield from racemic alcohol 8%,
i.e. 68% of available cnanliomer). The stereochemistry of (+)-R-spiro-3.lcohol 132
was confIrmed on the basis of the chemistry of the final product, (+)-Iongifolcnc.
The manganese dk.xidc oxidation converted the (+}-R-spiro-alcohol 132 into
(+rR·spiro-aldehyde 133 in the same manner used for the racemic case (Scheme
31).
6.4 "f • Cflndensation
The condensation of (+)-R-spiro-nldehyde 133 with methyl
3.3-dimclhylncrylatc anion in the presence of cadmium chloride was carried out
under the conditions described previously. Surprisingly, after stilTing at OoC for 2
hours, the &-hydroxy ester intermediate had cyclized 10 the (+)-Iaclonc 134 in a
yield of 73% (Equation 18).
u m Cde12•THF
ha,~:,·:;2h;
o
~
133
Equation 18
134
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The IH nmr spectrum of 134 (Figure 2, p72) displayed two aliphatic mClhyl
singlels at c5 L39 and 1.43. a vinyl methyl singlet at 1.87, the cyc!opropyl
hydrogen as a doublet (1 = 4.2 Hz) at 2.3 t. the methylene protons as multiplcts
1.93 to 2.09, a methine proton as double - doublel (J '" 4.2 and 10.5 Ht) at 4.48. a
vinyl hydrogen as a singlet at 5.76. and the four cyclopentadienyl protons as four
mUliplets at 6. t 7, 6.28, 6.49, and 6.58. The COSY spectrum showed that the
cyclopropyl hydrogen is adjacent to the methine hydrogen and the laller is adjacent
10 the methylene protons (Figure 3. p73). The I3C and DEPT (Distortionless
Enhnncement by Polarization Transfer) spectra contained a carbonyl at S 164.6, a
quaternary vinyl carbon at 156.0, five CH vinyl carbons at 136.4, 132.3, 131.6,
129.7 and 116.8, two CH carbons at 76.6 and 42.1, a CH2 carbon at 35.6, three
CH3 carbons at 27.2, 23.0 and20A, and two quaternary carbons at SL1 and 31.9
(Figure 4, p74). The high resolution mass spectrum had a molecular ion at m1z
230.1303 (Calculated 230.1302). These features support the assigned gross
structure.
TIlis condensation can generate two diastereomers (Scheme 32). In
principle, the organocadmium compound can approach the carbonyl group from
either the ~inside" (Re) face or ~outside" (Si) face. However, the de10calized Tt
system of the organocadmium compound should align itself preferentially with the
Tt system of the diene, resulting in attack from the "inside" (Re) face to generate
the C-S{R)-Iactone as the predominant product. This anion approach also avoids
the nonbonded inrernction with the adjacenr geminal dimethyl group. The "outside"
(Si) approach gave the C-S(S) diastereomer as a minor product in 12% isolated
yield. Only the Z-olefin can fonn this six-membered lactone and tile E-olefin
hydroxy ester was not detected among the products. This is consistent with the
lhernlodynamic features of this reaction discussed earlier: therefore isomerization
by lactonization.. nnedlates are nappedoccurs until the requisite Inte
7.
o CHO
:A<:
133
III
~H ::o QUisideInside (Si)(Re)
o
~3
Scheme 32
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6.5 Preparation or Triene (137)
The treatment of lactone 134 with boron trifluoride ether-1ft in metlwlol
was expected to conven the lactone into the methyl ester 136 (Eqtmlion 19).
However, the sole product, isolated in 83% yiek'. was not the expected compound.
Its IR and IH nmr speclJ'l. (Figure 5, p77) did nOt suppon the presence rr
hydroxyl group. but lhe IH nmr spectrum contained a signll1 at 63.19 representing
3 hydrogens consistent wilh a methoxy group. The lactone portion remained llod
the mass spectrum revealed the molecular weight had iI.creased by 32 mass units.
These features were consistent with the addition of methanol. fo addition. the signal
due to l~e geminal methyl groups shifted from a1.39 and 1.43 to 8 1.02 an 1.38.
and lIle c)'clopentadicnyl ponion also changed both position (Cr.om 8 6.17 • 6,58 to 6
6.21 ·6.65) and pattern (if Figure 2). It appeared that the cyclopropane bond had
opened 10 give the isomeric mixt!jre 137 as illustrated in Equation 20, Il
consequence of the stretched, polarized n:lIure of the cycloprop:me bonds in this
spiro system. The melhanol was added to me least hindered cen~ as a resuh of
backside atlack to generate lhe C·1'(R) ether.
o
gQ
134
BFfEt20
~
MeOH,RT
Equation 19
136
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o
~o BF,.E.,O, MeOHI R~H
134
Equation 20
137
The cyclopentadiene product 137 could be considered a dead end as the
desired reaction product 136 had not been obtained. However, we had long
suspoc:[ed that direct cyclization to a cyclohepane should be possible if the
dienopbile were consb"ained so that the desired cyclization was the lowest energy
pathway. The tricoe lactone 137 could thus be utilized to test this strategy
experimentally.
77
Fi:,:!II'f' S III IImr :md m spectra 111' ( 131 J
a~ 7:\
OM, III 137j)Y Qa a a a/
138
H
~~'a a
4' Top Face Ia a ./ 1393,::? Bouom Face ~~ OM,a aJ39b
Top Face 41~ ---- OM, 1403j a Bottom Face ~OMe 0 -----...
140b
Scheme 33
79
6.6 Diels - Alder Reaction
The C-5(R)C-I'(R)-melhoxy triene lactone 137, similar to Brieger's
precursor but with an activated. geometrically restticted dienophile, was capable of
rapid sigmatropic rearrangement. The IH nmr spectrum of 137 (Figure 5) showed
it was a mill.ture of rearrangement products although on n.C it appeared as onc
spot. This mixture could, in principle, give rise to several different Diels-Alder
adducis (Scheme :B). The isomers 1393, 139b and 1403, 140b may arise due to
cycloaddition to the opposite face of the cyclopentadiene from the C-I and C-2
substituted series.
Generally, cycloadditions of substituted cYc!0t::ntadienes favor incorporation
of the lelher linkage into a five- or six-membered ring if allowed by the stelie
constraints. As mentioned the tricne 137 contained a conslrained cyclic dienophile
and molecular models indicated that of the five possible tetracyclic adducts,
compound 138 was least constrained tether and the requisite transition state
geometry was the most readily achieved. The cycJoaddition of triene 137 was
conducted in n microwave oven, as described in Chapter 4, and afforded only
one product afler chromatography. The intramolecular Diels-Alder reaction of 137
was expected to afford preferentially the adduct 138 (Equation 21). Table 4 (p 81)
lists the IJc nmr spectral characteristics for the possible products. 'l'1l.e lH nmr of
the product (Figure 6, p 82) contained two olefinic protons at a6.24 and 6.32,
excluding the possibility of adducts 140a and 140b, and the DEPT and 13C nmr
spectra (Figure 7, p83) contained one CHzcarbon at 54t.5, eight CH carbons at
138.7, 136.5,76.3,74.2,58.5, 52.9, 51.0and 49.9, and two quaternary carbons at
56.3 and 40.4, excluding the possibility of adducls 139a and 139b. Therefore, the
Diels-Alder adduct must be the tetracyclic lactone )38. This compound possessed
the tricyclic carbon skeleton required (or (+)-longifolene and represented the first
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successful synthesis of a cyc10heptanc directly from the C)"Cloaddition of a
substituted cyclopentadiene.
AS the spectrum on page 82 indicates the C·S prolon falls at 64.62 but the
related proton on the methoxyl bearing carbon is hidden. This is a consequence of
its orientation wilh respect to the carbonyl group. It is shielded and shifled upfield
due 10 the anisotropic effect of the carbonyl falling coincidently under the methoxyl
signal at Ii 3.11. (Unfonunattly the integration is not very reliable since the
strongest signals were run well off the page.) Consistent with anAlysis once the
lactone is reduced this signal falls as part of a multiplet at 63.95 (c! Figure 32,
p169).
o
~o~
i
GMe
137
PhCH1•Sealed Tube
-Microwave Oven
30 min.
Equ;1tion 21
~Me~o
138
In accord with the experimental result, theore:-ical calculations by an
Alchemy n molecular Model Program gave the following relative energies: t: 4.7 ;
7.4: 3.6: 4.1 for 138: 139a: 139b: 1403: 14Gb. These numbers reflect in pari the
relative difficulties of their fonnation and the relative strain of the different
transition states. They indicate that Ihe adduct 138 is the least strained.
The enantioselcctivity of this Diels·Alder cycloaddition was controlled by
the stereochemistry of C·S of the triene 137. The m;triclcd geometry of the
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dicnophile allowed only the Cs-7·exo adduct 138. which leads to (+)-Iongifolene.
The epimeric adduct 142 which would lead to (-)-Iongifolenc, would have to arise
from the (4S)-triene )41 (Schenlc 34, p 84).
Table 4 Prolon and Carbon Types of Possible Diels-Alder Adducts
OiefinicHCH2
}1', OM.o 0I'
'"
"A:• OMt OM.o 0 0 0~. ",,2
CH, CH Quat.C

Figure 7 13C and DEPT nmr spectra of ( 138)
~OMe
dJ/
84
137 138 (+). Longirolcnc
III
r-t OMe
d o?-*
o
RM h~~e -"-6:(
o~
OMe
141
142
Srheme 34
(-). Longirolcne
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6.7 Conversion of Lactone 151 Into (+}-Longifolene
The remaining steps to canven the Diels-Alder adduct lJS into
(+)-longifolene are shown in Scheme 35.
To remove any likelihood of a retro Diels-Alder reaction, the tetracyclic
lactone 138 was hydrogenated under mild conditions (10 psi, EIOAc, 5 % Pd I C,
22°C). Attempts to convert the methyl elher to a secondary hydroxyl group using
trimethylsil)'l iodide76.77 failed. Thus, the lactone ring was opened by lithium
aluminum hydride reduction to give the mClhoxy diol 143.
In general 11 primary hydroxy is more active than a secondary one in
esterifications. Therefore, the treatment of the diol 143 with ac~tic anhydride in
the presence of pyridine under carefully controlled conditions at O°C selectively
produced the desired acetate 144 in 74% yield. This was accompanied by the
diacetate (IS % yield) as a by-product which could be reduced to diol 143 and
recycled.
A free radical deoxyg~nation via the Robins procedure70 removed the
secondary hydroxy group. Next the methoxy group was converted into a secondary
hydroxyl by treatment with sodium iodide and trimelhylsilyl chloride in the
presence of triethylamine. This is a modification of the standard procedure7S and
was developed to avoid acetate hydrolysis. The new hydroxyl function was also
removed under free mdical conditions to afford the acetate 146.
Pyrolysis of the acelate ]46 at 525°C provided (+).longifolene in 55 %
yield. The pyrolysis apparatus is illustrated in Figure 8 (p 88). The yield is
somewhat lower than for sinularene (16 %), probably a result of the scale (30 mg),
but the hydrocarbon was genemted cleanly. The synthetic conditions of the
pyrolysis were examined at 500 °C and 550°C. The former resulted in the mostly
recovered stMing material whereas the latter gave additional decomposition.
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Figure 8 Pyrolysis Apparalus
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The purified sesquiterpc:ne was compared by spectroscopy and optical
rotation with an authentic sample. This confirmed the structure and the successful
completion of the synthesis from the chiral spiro-alcohol 133 via eleven steps in
11.2 % overall yield to give (+)-Iongifolene, [a}22 = +47,04° (c 1.7, CHeIJ):
authentic sample from Aldrich, [a]22 .. +51.2° (c 1.9, CHeIJ); lit1,2 [a]l1 .. +45.71°
(ncat). The lH, Ile. IR and MS spectra of 'hI" synthetic longifolene are displayed
in Figure 9 (pOO), Figure 10 (p9l), Figure 11 (p92), and Figure I:Z (p93)
respectively. The 'H and 13C nmr spectra of the authentic longifolene arc displayed
in Figure 13 (p94) and Figure 14 (p95).
6.8 An Alternative Route To (145) Fron) ( 138)
We mentioned earlier that the Diets-Alder adduct 138 was hydrogenated first
to remove any likelihood of retto Diels-Alder reaction. However, it wa~ later
discovered that this adduct was quite stable, so an alternative synthetic sequence
from adduct 138 to the methoxy act.',tate 145 was examined (Scheme 36). The
double bond of the acetate was hydrogenated before the conversion of the methoxy
group to a secondary alcohol because the double bond interfered with this reaction
to give a complicated product mixture. Thus both routes arc adequate but it is
easier to handle the compounds in the saturated series.
0j;OMe
4 0
138
~OMeH K OC(=S)OPh
149
R ~CH20Ac
1
n-Bu3SnH. AIBN
PhCH).rc:flux
ISO
R=CHzOAc
PhOC(=8)CI
-Py. CrIzClz
Hz (lOpsi)
-Pd!C,EtQAc
Scheme 36
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Genertll:
Infrared (lR) spectra were recorded on • Perkin·Elmer 1320 01' 783 grating
spectrophotometer, and were calibrated with the 1601 em-I band of polystyrene
film. Proton magnetic resonance (IH NMR) specfl'll were measured at 60 MHz
with a Varian EM 360 spectrometer or at 80 MHz with a Bruker WP80
spectrometer or al 200 MHz with a Varian Gemini speeDOmeter or at 300 MHz.
with a General Electric ON 300 or a Varian XL 300 spectrometer. Carbon
magnetic resonance (ue NMR) spectra were measured al SO MHz with a Varian
Gemini spectrometer or al 7S MHz with a General El«:tric ON 300 or a Varinn
ZL 300 spectrometer. The residual solvent signal was used as an internal standard
COO]; IH: 67.262, 13C: 677.00 and signal posicion! are reponed in ppm
downfield from IctrlUTlethylsiianc (6 scale) as an internal standard, the numbers of
prnlons, multiplicities. coupling constants, and prolon assignments are indicated in
parentheses. Mass spectra were determined on a V.G. MiCf'OmlW 7070 HS
instrument using an ionitatioo energy of 70 eV. or on a Hewlett-Packard 5890A
gas chromatograph 59708 mass selective detector equipped with a 12.5 m capillary
column (0.2 mm 10) coated wilh crosslinked dimethyl silicone (0.33 ~). Optical
mlalions were measured using a Perkin-Elmer 241 polarimeter (sodium light. cell
lenglh =10 cm, c =g /100 mL).
Gas-liquid chromalographic analyses were conducted on a Hewlett Packard
4028 gas chromatograph equipped with a column (1 m x 6 mm Ld.) containing 1.5
% aV·17 supported on Gas Chrome Q using helium as the carrier gas. Analytical
thin layer chrornluography me) was carried out on commercial precoaled silica gel
platcs with fluorescent indicalor (Eastman Kodak silica gel 13181) or on aluminum
sheets precoated (0.2 mm layer thickness) with silica gel 60 F2S4 (E. Merck). Rash
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column chromatography using E. Merck silica 60 (230-400 mesh) was employed
for an colUIM chromatography.
Petroleum ether refers to a fraction with boiling range 30·6(tC. Al\hydrous
diethyl ether (ether), tetrahydrofuran (lHF), dimethollyethane {DME). and dioxane
were obtained by distillation from LiAIH4 or potassium I bcnzophc.none. Methanol
and absolute ethanol were dried by distillation from magnesium. Dry
hexamethylphosphoramide (HMPA), dimethylfonnamide (DMF), dimethyl sulfoxide
(DMSO). and diisopropylamine were prepared by distillation from calcium hydride.
Solutions in organic solvents 'Nere dried over anhydrous mllgncsium sulfate and
stripped of solvent with a BUchi rotary evapomtor connected to a water aspirator.
Unless otherwise indicated. all reactions were conduclcd under an atmosphere of
dry nitrogen.
JJ .. Epo:q. 3 • bulanone (79)
3-BUlcn-2-one (56 g. 0.8 mot, Aldrich) was dissolved in methanol (400 mll
containing 30 % hydrogen peroxide (230 mI) and the solution cooled to 0 °c with
an external ice bath. Aqueous sodium hydroxide (2M, 200 ml) was added
dropwise to the stirred solution (caution: initially the reaction is very exothermic)
maintaining the temperature below lOoe Stirring was continued for further 8 h at
22°C afla the addition was completed. The reaction was extrncted with
dichloromethane (S x 100 mL), the extrncts dried, filleted, concentrated, and the
product was purified by dislillation to give the e~lOxy·ketone 79 (42 g, 60 %, the
yield was 71 % on a small scale); bp 45_46°C 112 Torr. JR (film): 1715 (C"'O),
1260, 865 (C-O) cm·l ; IH NMR (80 MHz, CCI,,) 6: 1.99 (s, 3H, CH3), 2.92 (m,
2H, CHI-Q), 3.28 (dd, IH, J'" 1.5, 1 Hz, Q",C-CH-O). Exacl mass calcd. for
C.H6~: 86.0368; found: 86.0352.
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6· Methyl. 6 - oxiranylfulvem (80)
A stirred absolute methanol solution (12 mL) of cycloptmadienc (3.30 g,
0.05 mol, freshly distilled) and 1,2-cpoxy-3-butanone (4.30 g. O.OS mol) was cooled
to OoC and pyrrolidine (0.25 mL) was added. The yellow color due to the
fulvene was immediately observed and stirring was continued for 2 h at OoC, then
2 h at 22°C. The reaction was poured into ice water and extracted with petroleum
ether (2 x 20 mL). The c>Jmbined organic layers were washed wilh 5 % aqueous
Hel. 5 % aqueous sodium bicarbonate, followed by brine, dried. filtered and
concentrated 10 give the epoxy Culvene 80 (5.8 g. 86 %). The epoxy Culvene 80
was sufficiently pure for direct use. Upon storage al _20°C it fonned yellow
crystals and it was kept anhydrous by addition and evaporation of anhydrous
benzene; IR (film): 3060 (H-C=), 1635 (s, C=) em"; I H NMR (SO J\.1Hz, CCI4 )
5: 1.91 (5, 3H, CHJ), 2.S2 (m, 2H, CH2-O), 3.90 (dd, IH, J .. 1.5, 1 Hz, CH-O),
6.35 (m, 4H, H·Cs:C). Exact mass calOO. for CIOHIOO; 134.0732; found:
134.070S.
1,1 - Dimethyl- J - hydroxymtlhylspiro [2. 4 Jhepla- 4 , 6 - diene (82)
Methyl lithium 0.5 M in ether, 10.5 mL, 16 mmol, Aldrich) was added
dropwise 10 a stirred anhydrous 1HF solution (50 mL) conlaining the epoxy
fulvene 00(2.01 g, 15mmol) maintained at -7SoC by an external solidC02 /acetone
bath. After stirring for 30 min al -7S"C, the reaction mixture was allowed 10
Wllml 10 aOc and quenched with aqueous ammonium chloride. The mixture was
extracted with elher (2 x 20 mL). The combined ether extracts were dried, filtered
and conCentraled. The crude product was purified by flash chromatography (20 %
ethyl acetate I peuoleum ether) to give the spiro-alcohol 82 (1.24 g, 55 %); IR
'00
(film): 3350 (br, OH), 3090, 3060 (H-C=), 1650 {s, CrC> em-I; 'H NMR (30
MHz, a>clJ>~: 1.40 (s, 3H. CHJ>, 1.42 (5. 3M, CH), 1.71 (br S, IH, OH).
2.39 (I, IH, J "" 7.5 Hz, cyclopropyl H). 3.78 (m. IH, 01:1.,0). 3.94 (m, IH.
CHrO), 630 (m, 2H, H.C--C). 6.45 (m, IH, H-CcC), 6.57 (m, IH, H.C=C);
I3C NMR (CDCl) S: 138.4. 133.0, 131.8. 129.2, 62.0. 52.3, 43.4, 35.3, 21.5.
20.4. ExDct mass calcd. (or C1o"••0: 150.1044; found: 150.1025.
(2' ,2' -Dimtlhylsplro[2. 4) htpla.4', 6' -ditllt .1' .yl)cQrboxaldthydt (83)
Actil'e MnOJ Oxidation:
The spiro alcohol 82 (3.0 g, 0.02 romo!) in 25 mL of dichloromethnne WIlS
added dropwise to a stirred and '.lfluxed suspension of active Mn~'" (30 g, or 40 g
as a mixture with charcoal) in 250 mL of dichloromcmane. The mixlUre was
stined under reflux (or 12 h, cooled to room temperature and filtered through a
band of Celite and anhydrous MgSO._ The solid W3S washed thoroughly with
dichloromelhane (200 mL) and the combined filtrate was conc:entrnled. The crude
product was purified by flash chromatography (5 % ethyl acetate I petroleum ether)
to afford the spiro-aldehyde 83 (2.5 g. 84~) as a pale yellow liquid: lR (film):
2825 (H·CO), 2720 (H·CO), 1704 (C=O) em·l; IH NMR (300 MHz, COO) 6:
1.42 (s, 3H, CH3), 1.56 (s, 3H, OJ), 2.78 (d, 1H, J. 6 Hz, cyclopropyl H),
6.17 (m, IH, cyclopentadienyl H), 653 (m, 2H, eyelopenlpdienyl H), 6.60 (m, IH,
cyclopentadienyl H), 9.56 (d, IH, J '" 6 Hz, H-C=O); 13C nmr (CDCI3) S: 198.0,
135.5, 132.4, 131.6, 131.4, 56.8, 49.4, 37.1, 26.8, 20.7. Exact mass calcd. ror
C1oH110: 148.0888; round: 148.0888.
·Prtptrrolion 01 Acti~t Mangantst Dioxidt
A solution or manganese sulratc (Ill g) in water (ISO mL) and a solution
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of sodium hydroxide (40 %, 117 mL) were added simullancously to a hot solution
of potassium pennanganalc (96 g) in water (600 mL) over a period of I h.
Manganese dioxide was precipitated as a fine brown solid, After stirring for I h,
the solid was collected by filtration and washed thoroughly with water until the
washings were colorless. The solid was dried in an oven at 100 - 120°C and
ground to a fine powder (85 g) for use. (Based on the litcralure method of
reference 56)
A mixture of potassium permanganate (40 g) and charcoal (20 g. 1. T. Baker)
in 500 mL of water was stirred under heating (70.S0°C) until the purple color
discharged. After cooling to room temperature, the solid was collected by
filU'ation, washed thoroughly with water, and dried in an oven at 100~120 DC.
The final product was a mixture of manganese dioxide and charcoal as fine
powder. (After considerable experimentation we found this material was best
provided Baker charcoal was used. This procedure is based on reference 57.)
Swem Oxidation: 79.80
Dimethylsulfoxide (DMSO) (1.76 mL, 25 mmol, dried over CaH2) in
anhydrous dichloromethane (5 mL) was added dropwise to a stirring solution of
oxalyl chloride (1.13mL. 13mmol, Aldrich) in anhydrous dichloromelhane (25mL)
al _78°C with solid CO2 ! acetone cooling bath. After 10 minutes, this was
followed by the addition of spiro-alcohol 82 (1.6508 g. 11 mmol) in anhydrous
dichloromethane (10 mL) over a period of 5 min. A foamy white precipitate
developed. The suspension was stined for further 15 minutes and triethylamine
(8.35 roL, 60 romol) was added slowly. After the precipitate disappeared, the
e:ucmal cooling bath was removed, the reaction was allowed to gradually warm to
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room temperature, cold water (30 mL) was added. and the mixture was Stirred for
another 15 minutes. The resulting mhtturc was separated and the aqueous layer
was extracted with dichloromethanc (30 mL). The organic layers were combined,
washed with 5 % HCl, 5 % NaHC~ and brine (20 mL each time). The washed
organic solution was dried, fillered and evaporated to remove solvent. Flash
chromatography (5 % ethyl acelate I petroleum ether) of the crude product afforded
afforded the spiro-aldehyde 82 (1.50 g, 92 %) as a pate yellow liquid.
MellJyl 4· bromo· 3 - methyl - 2 - butemlnole ( 84)
Melhyl 3,3-dimethylacrylatc 97 (5.4 g. 47 romol) was dissolved in a carbon
tetrachloride solution (50 mI.) containing N-bromosuccinimide (NBS) (8.7 g. 49
mmol, Aldrich) and AIBN (0.078 g). The mixture was stirred under reflux for 8 h,
cooled and filtered to remove the precipitate. The filtrate was concentrated and
purified by distillation under reduced pressure to afford tlji: bromo-ester 84 (6.9 g,
68%) as a mixture of Z,E-isomers, b.p range: 45.70 oC/O.6 Torr. IHnmr (SO
MHz, CDC13) shows two sets of peaks, A: 6: 1.99 (d, J = 2 Hz. 3H, CHrC=C),
3.65 (5, 3H, OCH), 4.47 (m, 2H, CH2Br), 5.68 (d, J'" 2 Hz, IH, H·O=C); B: 6:
2,21 (d, J <:: 2 Hz, 3H, CH)-C=C), 3,65 (5, 3H, OCH3), 3,86 (d, J <:: 1 Hz, 2H,
CHzBr), 5.87 (m, 1 H, H·C=C). The integration of the two sets of peaks was
almost 1:1.
Methyl J,3 • dimelhylacrylate (97 )
A solution of 3,3-dimethylacrylic acid (11.0g, 0.11 mol, Aldrich) and boron
trifluoride etherate (14.3g, 0.10 mol, Aldrich) in 40 mL of absolute methanol was
stirred under reflux. for 12 h, cooled to OoC, and quenched with 5 % aqueous
sodium carbonate solution, The mixture was extracted with ether (2 x 30 mL)
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and the combined extracts were dried. filtered. and concentrated. Fractional
distillation under reduced pressure gave the methyl ester 97 (6.6 g. 54 %) as a
colorless liquid; b.p: 30 °c 10.6 Torr; IH nmr (200MHz. CDel) 0: 1.88 (d, 3H.
J <= 1.2 Hz, CH3), 2.16 (d, 3R, J = 1.5 Hz, CAl)' 3.67 (s, 3H, OCH), 5.67 (m, IH,
H·O=C); Exact mass calcd. for C;HIO0 2: 114.0680; found: 114.0687.
General Procedure for Reformatsky Reaction:
Active zinc powder'" (five molar equivalent) suspended in anhydroUS THF (2
mL) was placed in a three necked flask equipped with a condenser and a dropping
funnel. The reactant aldehyde (benzaldehyde or 83. ca. 2 mmel) and bromoeters
(84 or 89. 1.5 molar equivalent) in anhydrous TIlF (10 mL) were placed in the
dropping funnel. A few drops of THF solution containing the starting materials
were added 10 the stirred suspension. Next a small crystal of iodine was added
and the reaction was heated. After the reaction began reOuxing and the iodine
color discharged, the rest of the 1HF solution was added dropwise to the reaction
while stirring under refIult. After the addition was complete. the reaction was
continued for another 1 hour, cooled to room t~mperature. quenched with salur:ued
aqueous am'llonium chloride, and filtered to l'emove zinc solid. The filtrate was
extracted with ether (2 x 10 mL) and the combined extracts were washed with
brine, dried, filleTed and concentrated. The crude product was purified by flash
chromatography (20 % ethyl acetate I petroleum ether). This is related to the method
of Hudlicky.St.81
*Preparation of Active Zinc Powder 8t
The commercially available zinc dust (Aldrich) was quickly washed with 50
% ncetic acid and filtered (done in fumehood). The washed zinc dust was rinsed
\04
thoroughly will! water and OM£. and dried under vacuum al II00C for 12 h.
The treated zinc powder can be stored under N2 but should be re-dried for II least
2b before use.
MethylS .hydroZ1-J -mtthyl-S -ph~nyl-2.but~noate (85)
IR (film): 3450 (OH). 1725 (C",O). 1640, 1600 (CoC) em·lj IH nmr (80
MHz. CDCI3) S: I.S7 (5. 3H, CAl)' 3.02 (d, IH, J. 4.4 Hz, CHi!. 3.40 (d, IH, J
:: 8.8 Hz, CHv. 3.74 (5, 3H, OCR). 4.83 (5, IH, H·C=C), 4.85 (5, IH, OHl, 5.05
(dd. IH, J .. 4.4. 8.8 Hz, H·C-OH), 7.33 (5, SH, phenyl H). Low resolution mllSS
spectrum found 220 (C13H I60 3• M+).
Mtthyl 5 .hydroxy-S - (2',2' - dimtthylspiro[2. 4J hepta .4',6'. dien- J' -II) -2.
penltRa4te (90)
IR (film): 3450 (OH), 1720 (C---Q), 1650 (e-c) em-I; IH nmr (SO MHz.
COO) &: 2.05 (d, J =3.5 Hz, I H. cyclopropyl H), 2.25 (br. s. 1H, OH), 2.30·
2.60 (m, 2H. Q{i). 3.72 (s. 3H. OOIJl, 4.55 (m, 1 H, !i-C-OH), 5.76 (d, J'"
6 Hz, 1 H, C=:CH..c~Me), 6.18 (m, 2 H, eyclopentadienyl H). 6.43 (m. 2 H,
cyclopentadienyl H), 6.88 (m, I H, H·C:(>~Me). Low resolution mass
spectrum found 248 (Cu H200 3, Mi).
Methyl 2 - vinyl-3 -I,ydroxy-3 _(2',2' -dimet"ylspiro[2. 4J hepta-4', 6' -dien -I'
-yl) propanoQte (91 )
IR (film): 3490 (OH), 1730 (0=0), 1640 (C:C) em·l; lH nmr (80 MHz,
CDCI3) li: 2.80 (d, J. 3 Hz, 1 H, OH), 3.25 (dd, J .. 6, 12 Hz, IH, H·C-C~Me),
3.65 (s, 3 H, OCH), 4.52 (m, I H, H-C-OH), 5.25 (m, 2 H, CHl,=C), 5.60· 5.90
(m, I H, HC=OIil, 6.22 (m, I H, eyclopentadienyl H), 6.45 (ro, 1 H,
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cyclopentadicnyt H). L:lw resolution mass spectrum found 248 (C15H20~' lvf').
2 -EthyrJene·l,J ·dithiane (92)
Preparation of Propanelhioic aeld: The Grignard reagent was prepared from
bromoethane (21.8 g. 0.20 mmol, Aldrich) and magnesium turnings (6.0g, 0.25
mmol, J. T. Baker) in anhydrous 1HF (200 mL). A solution of carbon disulfide
(15.2 g. 0.20 mmol, Aldrich) in anhydrous TIiF (20 mL) was added dropwise [0 the
reagent decanted from the remaining magnesium and maintained at -10 0 C. The
brown solution that fonned was allowed to wann to room temperature overnight
and then quenched with to % hydrochloric acid at .10 oC. The mixture was
extracted with ether (2 x 100 roL) and the combined ether layers were washed with
brine, dried, filtered, and conccntt'afed al O°C. Distillation under reduced pressure
gave 13.9 g (65.5 %) of ~:I: thioic acid as a brown liquid with a very nasty smell;
bp 38°C/0.2 Torr, 'H nllJf' (80 MHz, CD03) &: 1.37 (t. 3H,J:7.4Hz. CH3),
2.63 (s, IH, SH). 3.06 (q. 2H, J: 7.4 Hz. CHz·e:S). This is a modification of
the literature method.S3
Preparation of Dithiane (92): A LOA solution was prepared from
diisopropylamine (l3 g. 128 mmol) and n-butyllithium (2.5 M in hexane, 44 mL,
110 romol, Aldrich) in anhydrous TIiF (250 mL) at OOC. HMPA (27.0 mL, 150
mmol) was added to the solution at OOC. followed by a solution of propanelhioic
acid (5.3 g, SO mmol) in anhyddrous THF (5 mL) over a period of 10 min. After
stirring the golden yellow solution at room temperature for 2 h, it was cooled to
_78°C, followed by the dropwise addition of a anhydrous TIlF solution (S roL) of
l-bromo-3-chloropropane (7.9 g. 50 mmol, Aldrich). The solution was allowed to
wnnn to room temperature over night The reaction mixture was poured into
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hexane (100 mL) and washed with 5 % sodium bicarbonate (SO mL) and waler (2)(
SO mL), and the combined aqueous layers were baclc.washcd with hexane (50 mL).
The combined hexane extracts were washed with brine. dried. filtered and
concennated. The residue wu distilled to yield :UI g (52%; ofdithiane 92 as I
pale yellow liquid wid! an unpleasnnt smell; bp 61_62°C/O.3TOIT (lit-14 bp 4)-
44 °C/O.l TOJT); IH nmr (80 MHz, CDCIy 5: 1.76 (d, 3H. )57Hz, OIJ), 2.18
(m, 2H, CHv. 2.81 (m, 4H, SeHv. 6.00 (q, IH, J '" 7 Hz, H-C;C). Low
resolution mass spectrum found 146 (<;"\052. M+).
General Procedure for Condensation of Aldehydes (md DUMane (92 ) :
A: WA
A LDA solution was prepared from diisopropylamine (0.232 g, 2,3 mmol,
Aldrich) and n·butyllithium (2.5 M in hexane. 0.9 mL, 2.2 mmol. Aldrich) ill
anhydrous 1HF (5 mL) at _2S0C. Dithiane 91 (0.321 g, 2.2 mmol) in anhydrous
TIIF (2 mL) was added to the 501ution, forming a yellow solution. After stirring
at -2S°C for 30 minutes. the solution was cooled to -7S°C, followed by dropwise
addition of spiro-aldehyde 83 (0.220 g. 1.5" ..nol) in anhydrous THF (10 mL).
The resulting solution was stirred at -7SoC for fwther 30 minutes. wanned to OoC.
and quenched with saturated aqueous ammonium chloride. The mixture was
extracted with ether (2 x 20 mL) and the combined ether extracts were washed with
brine, dried. filtered. and concentrated. The crude product was purified by nash
chromatography (20 % ethyl acelate I petroleum ether) to give 0.349 g (86 %) of
a-hydroxy dithiane 94 and 0.051 g (10 %) of y-hydroxy dilhiane 96. a: y c 90 : 10.
total yield 96 %.
B: WAIZnCll
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2-Elhylidene-I,3-dithiane 92 (0.2044 g. 1.4 mmol) in anhydrous 11IF (2 roL)
was added dropwise to a LDA solution prepared from diisopropylaminc (0.152 g,
1.5 mmol) and n-bulyllithium (2.5 M in hexane, 0.6 mL. 1.5 mmoi, Aldrich) in
anhydrous TIfF (5 roL) at _40°C. The yellow solution was stirred at _40ClC for 40
minutcs and zinc chloride (0.2031 g, 1.5 mmol, Aldrich) was added. After stining
at .40°C for additional 30 minutes. the reaction solution was cooled to .7S"C,
(olJowed by dropwise addition of spiro-aldehyde 83 (0.1924 g, 1.3 mmol) in
anhydrous THF (10 roL). The reaction was continued for a (uMber hour at _78°C,
warmed 10 0 C, and quenched with saturated aqueous NH4CI. The mixture was
extracted with ether (2)( 20 mL) and the combined ether extracts were washed with
brine. dried, fihered, concentrated, and purified by flash chromatography (15 %
ethyl acetate/petroleum ether) 10 give O.l626g (43%) of triene % (o:-producl) and
0.1037 g (27 %) of triene 94 (y-product). a: y::: 60: 40. toto.! yield 70 %.
C: WAICu/.P(MeOh
A LDA solution was prepared from diisopropylamine (0.36 mL. 2.6 mmol)
and n·butyllilhium (2.7 M in hexane. 0.96 roL. 2.6 mmol, Aldrich) in anhydrous
THF at ·2SoC. Dithiane 92 (0.3650 g. 2.5 mmol) in anhydrous THF (1 mL) was
added to the s01U1ion. The reaction solution was stirred at _25°C for 30 minutes,
cooled to .7SoC, followed by addition of trimethylphosphire cuprous iodide complex
.. (0.9058 g. 2.8 mmol) in anhydrous TIIF (2 mL). A yellow precipitate gradually
formed during one hour of stirring. The spiro-aldehyde 83 (0.3703 g, 2.5 mmol) in
anhydrous THF (to mL) was added dropwise to the yellow suspension over a
period of 30 minutes, resulting in a greenish solution. The solution was stirred at
·7SoC for an hour, wanned to O°C. stirred 0.1 O°C for 30 min, and quenched
with saturated aqueous NH4CI. A minimum amount of water was added to just
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dissolve the white precipitate and the mixture was stirred at O°C for 10 min and
extracted with ether (3 x 15 roL). The combined ether extracts were washed with
brine, dried. filtered, and concentrated. FIns" chromatography (20 % ethyl acetate
I petroleum ether) gave 0.1591 g (22 %) of 96 (a-product) and 0.2892 g (39 %) of
94 (y-product>. IX: y = 35 : 65. total yield 61 %. This procedure is related to the
method of Ziegler.S9
.. Preparntion Of Cfll.( MeO )JP Complex .. 59
A mixture {If trimethyl phosphite (1.61 g, 13 romo!, Aldrich) and cuprous
iodide (2.5 g, 13 romol, Aldrich) in anhydrous benzene (20 mL) was refluxed for g
hours with stirring. The hot suspension was filtered from the remaining insoluble
materials and the filtrate was concentrated to give a white solid. Recrystlliliullion
from ether I chlorofonn mixture afforded 1.94 g (47.5 %) of
nimethyJphosphite-cuprous iodide complex as white needles, which were kept in
freezer until required.
D: LDA I CdClz
The dithiane 92 (2.2 mmol) in anhydrous THF (5 mL) was added dropwise
to a LDA solution prepared from diisopropylanline (2.3 mmol) and n-butyllithium
(2.5 M in hexane. 2.3 mmol) in anhydrous THF (10 mL) at -40°C. Arter stirring
at _40°C for 30 min, the reaction was cooled to ·78°C and cadmium chloride
powder (1.5 mmol, Aldrich, gold label, ground and dried in vacuum at J10°C) was
added in one portion. The white suspension was stirred at _78°C for 30 minutes
and a anhydrous TIIF solution (lO mL) containing aldehyde (benzaldehyde or
spiro-aldehyde 83, 1.0 mmol) was added over a period of 30 minules. After the
addition was complete, the reaction was conducted at _78°C for a further hour,
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warmed to O°C. stirred at OoC for 0.5 hOUf, and quenched wilh saturated aqueous
NH4Cl. The mixture was fillered through Celilc and the filtrate was extracted with
ether (2 x IS roL). The combined ether layen were washed with brine, dried,
filtered. and concentrated. The oily residue was purified by flash chromatography
(15 % ethyl acetate I petroleum ether) 10 give a-product (95 or 96) and y-product
(93 or 94) in tOlal yield of 90 - 95 %, y-product dominated (if Table 1).
2 - ( 3 - Hydroxy. 3 • pIJenylpropylidmt ). ],3 . dil1Jiane ( 93 )
IR (film): 3410 (br, OH), 1605. 1585 (C=:C), 705 (5, e-S) em,l; lH nmr
(80 MHz, CDCl3) 0: 2.01 • 2.27 (m, 3H,), 2.60 - 2.93 (m, 6H), 4.74 (I, tH, J '" 6.4
Hz, He·G), 5.97 (I, IH, ;=7.4 Hz, H·CcC). 7.37 (m, 5H, phenyl H). Exact mass
caled. for C13H1 60S2: 252.0642; found: 252.0647.
2 - 13 - Hydroxy. 3 . ( 2', 2' - dimethylspiro { Z. 4J htpla • 4', 6' _ ditn - l' • yl )
propylidtntJ- I, 3 • dithlane (94)
IR (film): 3410 (OH), 1600 (C=C) em·I , IH nmr (300 MHz, CDCI) s:
1.39 (s, 3H, CH), 1.41 (s, 3H, CH)), 2.03 (d, IH, J:; 9.6 Hz, cyc1opropyl H),
2.18 (m, 2H, -SCHrC!!rSCHr), 2.58 {dd, 2H, J= 5.7, 7.5 Hz, CH2·C...C), 2.88
(I, 4H, J:: 6.0 Hz, SCHu, 2.97 (s, JR, OR), 3.41 (m, IH, B:C·OH), 6.07 (t, IH,
J = 7.5 Hz, H.C--e), 6.37 (m, IH, eyelopentadienyl H), 6.44 (m, lH,
cyclopenladicnyl H), 6.49 (m, 2H, eyc1openl3dienyl H). Exact mass calcd. for
CI6Hn OS2: 294.1111; found: 294.1119.
1· lilllyi. 2· ( 1· hydroxy -1 • phtnyl )·1,3 - dith/ane (9S)
IR (film): 3450 (br, OH), 3080, 3060, 3025 (phenyl H), 1625 (C=C) em-I;
1H nmr (80 MHz, CDCI) S: 1.94 (m, 2H, CHu, 2.80 (m, 4H, SCH2). 2.94 (d,
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IH, J:: 3.2 Hz, OH), 4.90 (d, JH, J::::: 3.2 Hz, H-CoO), 5.35· 6.00 (m. 3H.
H·C::C). 1.26 - 7.48 (m. SH. phenyl H). Exact moss caled. for C13HI60~
252.0642; found: 252.0657.
2. VinJI.2 • { 1. h:Jdro:q -1 • (2',2' - d1m~lhJbpiro {2. .4 } h'pltJ - 4', 6' - dim - /'-
,l)]-1.3-dithiane (96)
IH nmr (80 MHz, COO) 5: 1.39 (s. 3H, 01), 1.45 (s. 3H, CHy. 1.89
(m, 2H, -SCH2-C!h-SCHv. 2.35 (d. IH, J-9.9Hz. OH), 2.53 (d. IH, ) .. 4.SHz,
c)'clopropyl H), 2.83 (m, 4H, SHv. 3.89 (dd. IH, }a4.5. 9.9 Hz, tl-C-OH), 5.11
·5.59 (m, 3H, H-C=C), 6.15·6.50 (m, 4H, cyclopentadienyl H). Exact mass
caled. for CI6"UOS2: 294; found: 294 (low resolution).
General Proctdun of LDAICdClz Reaction with methyI3,3-dimelhylacrylate (97)
A LOA (2.1 equiv) solution was prepared from diisopropykunine and
n-butyllithium in anhydrous 1HF at -?SoC. A 11iF solUlion of tnelhyl ester 91
(2.0 equiv.) was added dropwi~ to the solution, yielding a pale yellow solution.
After stirring for 30 minutes at -7S°C, cadmium powder (Aldrich, gold label,
ground and dried tinder Vlcuum ~t 110°C overnight) was added in one portion and
the resulting suspension was stirred for funha 30 minutes, followed by addition of
aldehyde (benzaldehyde or spiro-aldehyde 83) in THF with a syringe pump (0.1
mL I min). After the addition was complete, the reaction was continued for nn
additional hour, then allowed to wann to O°C, stirred for 30 minutes al ODC. and
quenched by saturnted aqueous NH4Cl. The mixture was filtered through Celile
and the filtrate was extracted with ether (2 x 20 mL). The combined ether extracts
were washed with brine, dried, filtered, and concentrated. Flash chro:':lillography
(20 % ethyl acetate I petroleum elher) afforded the hydroxycSlcr 85 or 86
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(oy-product) and Ihe hydroxyeslcr 87 or 88 (a·product), a /1 ratios and yields see
Table 1 in Chapter 4.
Methyl 5 .hydroxy-3 - melhyl. 5 -( 2',2' .dimethylspiro [2. 4J hepta· 4', 6' • diM •
"-yl)-l-pentenoate (86)
IR (film): 3480 (OH), 3060 (H-C=C), 1720 (C",O), 1635 (C=C) em-I;
lH nmr (300 MHz, CDCI]) 6: 1.38 (s, 3 H, CH3). 1.43 (5, 3 H, CH3). 1.71 (s, 3
H, CH3), 1.95 (d, 2 H, J = 6.5 Hz, OJ2-C=C), 2.15 (d. 1 H, J = 10.6 Hz,
cyc!opropyl H). 3.35 (br. S, I H, OH). 3.62 (5, 3 H, OCH3), 4.22 (m, 1 H. CH-O),
5.15 (5, I H, H-CcC). 6.15 (m, 2 H, cyclopemadienyl H), 6.38 (m, 2 H,
cycJopcmadienyl H). 6.50 (m, 2 H. cyc10penladienyl H)j I3C nmr (CDCI]) 8:
164.4, 138.7, 137.8, 132.5. 131.3. 128.9. 127.7, 70.5. 56.3. 52.1. 5],2, 42.9,
34,5. 27.1. 22.5. 19.9. Low resolution mass spectrum found 262 (CI6H21:03.
M+), 244 (CI6H200 2, M+- H20).
MI!thyl2 - isopropylidenyl. 3 - hydroxy - 3 - (2',2' - dimethylspiro [2.4) hepto - 4'.6'
-dien-J'.yl)propanoate (88)
IR (CHCl3): 3660 (OH), 1730 (C=O), 1650 (C=C) em-I; IH nmr (300
MHz, CDCI3) 5: 1.41 (s, 3 H, CH3), 1.48 (5, 3 H, CH]), 1.68 (5, 3 H, CH3-C=C),
2.28 d, I H, J = 10.5 Hz, eyelopropyl H), 2.82 (br s, 1 H, OH), 3.47 d, 1 H, J =
7.5 Hz, CH-C~Me), 3.69 (5,3 H, OCH3), 4.02 (m, 1 H, CH-O), 4.76 (s, 1 H,
H-C=C), 4.83 (5, 1 H, H-C=C), 6.18 (m, 2 H, eyelopentadienyi H), 6.41 (m, 1 H,
eyc10penladienyl H), 6.50 (m, 1 H, eyc10pentadienyl H); DC nmr (COCl3) S:
172.9, 139.1, 137.9, 132.5, 132.2, 129.0, 115.6, 71.0, 59.8, 51.9, 51.5, 46.8,
35.7, 26.4, 22.0, 21.0. Low resolution mass spectrum found 262 (CI(,H22~' M1,
244 (CI6H20~' M+· H20).
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LDA f edl:: Reaction of Be1Wlldehyde wilh methyl 3,3. dimelhylacrylote (97)
An anhydrous lHF solution (5 mL) of methyl 3,3-dimethyl:lcryiRtc 97
(1.026 g. 9 romo) was added dropwise to a LOA solution prepared from
diisopropylamine (1.3 mL, 9 mmot) and n-butyllithium (2.6 M in hexane, 3.5 mL, 9
romol, Aldrich) in anhydroUS THF (30 mL) at_78°C. The solution was stirred for
30 min arter the addition was complete, followed by addition of cadmium iodide
(1.649 g. 4.5 romel, Aldrich, gold label, dried under vacuum for 2 h at 110°C) in
one ponion. Cadmium iodide slowly dissolved and fonned a light yellow solution,
Benzaldebyd~ (0.424 g, 4 romo!, Aldrich, re-distilled) in anhydrous THF (5 roL)
was added dropwise to this solution. The resulting solution was stirred for an hour
at -7SoC, for 30 min at aOc. and quenched with saturated aqueous NH4Cl. The
mixture was extracted with ether (2)( 20 mL) and the organic layers combined.
washed with brine, dried, fillered, and concentrated. Flash chromatography (20 %
ethyl acetate/pebOleum ether) gave hydroxy-ester 85 ("(-product, 0.519g, 59%) and
hydroxy--esler 87 (a.·prodllct. 0.051 g. 6%). n; Y= 10: 90, 65 % total yield.
Thermodynamic Study of WA I CdCl2 Reaction:
1. Methyl 3.3·dimethylacrylatc 97 (0.114 g, 1.0 mmol) in anhydrous THF (5
mL) was added dropwise into a LOA solution prepared fonn diisopropylamine
(0.15 mL. 1.1 mmol) and n·butyllithium (2.5 M in hexane, 0.44 mL, 1.1 mmol) in
anhydrous 1liF (5 mL) at _7S De. After stirring for 30 min, cadmium chloride
powder (0.0916 g. 0.5 mmol, Aldrich, gold label, ground and dried under vacuum at
110De overnight) was added in one portion. The suspension was stirred for 30
min at _7S
D
C and a anhydrous TIiF solution (10 mL) containing the spiro-aldehyde
83 (0.074 g, 0.5 romol) was added dropwise over a period of 45 min. The reaction
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was stirred (or an hour at -7SoC and then quenched by slowly adding acetic acid
(1 mL) in anhydrous TI-lF (2 mL). The mixture was filtered with the help of
Celite and the filtrate was tIltraeted with elher (2 x 20 mL). The combined ether
layers were washed with brin", dried, filtered, and concentrated. Flash
chromatography (20 % ethyl acetate I petroleum ether) yielded hydroxy-ester 88
(0.1034 g. 79 %) as the dominant product.
2. An LOA (0.& romo!) solution was prepared in anhydrous TIlF (5 mL) at
_7S
ue and a THF solution (2 mL) of methyl 3.3-dimcthylacrylatc (0.0456 g. 0.4
romol) was added dropwisc. After stirring for 30 mill, cadmium chloride powder
(0.0732 g, 0.4 romol, Aldrich, treated as described above) was added in one ponioo,
followed by a solution of hydroxy-ester 88 (0.1034 gt 0.39 mmol) in anhydrous
TIiF (10 mL). The susp'.lnsion was stirred for an hour at _7Soe, wanned to oDe.
stirred for an hour at oDe, and then quenched with saturated aqueous Nf4CI.
The mixture was fihered and the filtrate was extracted with ether (2 x 20 mL).
The ether extracts were combined, washed with brine. dried, filtered. and
concentnued, Flash column chromatography (15 % ethyl acetate I petroleum ether)
gave hydroxy-ester 86 (0.0755 g, 73 %) and recovered starting material 88 (0.0139
g, 13.4%), a:y=16:84.
LiNCY2' CdCl2 Reac/ion of Benzalde1lyde witll Me/ilyl crolonale
A 1HF (2 mL) solution of HMPA (1.79 g, 10 mmol) was added to a lithium
dicyclohexylamide (LiNCY2) solution prepared from dicyclohexylamine (1.63 g, 9
mmo!) and n-butyllithium (2.6 M in hexane, 3.5 mL, 9 mmo!) in anhydrous 1HF
(20 mL) at O°C. The solution was stirred {or 30 min at O°C, then cooled to
-78 C. followed by the addition of methyl crotonate (0.905 g, 9 romol, Aldrich) in
"'
anhydrous TIIF (5 mL). After stirring for- 30 min It .7S°C, cadmium powder
(0.825 g, 4.5 mmol, Aldrich, gold label, groond and dried under vacuum at IIO·C
overnight) was added in one portion. The resulting suspension was srirred for 30
min at -7SoC and a solution of benzaldehyde (0.424 g. 4 mmol. Aldrich,
re-distilled) in anhydrous 1HF (5 mL) was added dropwise into the suspension.
The reaction was continued at .7SoC for an hour, al O·C for 30 min, and
quenched with saturated aqueous NH..Cl The mixture was filtered through ecHlc.
and the filtrate was extracted with elher (2 x 20 mLl. The combined organic layers
were washed with brine, dried. filtered. concentrated. and purined by flash
chromatography (20 % ethyl acetate I petroleum ether) to give 98 (Y'prodUCI, 0.338
g. 41 %) and 99 (a-product. 0.328 g. 40 %). a: 'Y '" SO SO, 81 % total yield.
Mrthyl 5 -hydroxy-S -phtnyl.2 -p4!lIle1Watt (98)
lR (film): 3490 (OH). 30&0. 3060. 3030 (phenyl C·H), 1715 (0=:0), 1600
(C=C) em-I; IHnmr (80 MHz, COOv6: 2.13 (m, 2H, CHv, 2.80-3.15 (1"\,2H,
H-C-O, OR), 3.69 (5, 1 H, OCH), 5.81 (m. 1 H, C:OI.~Me), 6.85 (m, I H,
H'~-CO:zMe), 7.25 (m, 5 H, phenyl H). Low resolution nws spectrum found
206 (CI2H14O:J, M't').
MeJ/lyI2. vinyl. 3 • hydroxy·3 .phenylpro/HInuDte (99)
IR (film): 3490 (OH), 1725 (C=O), 1460 (CmC) em· l; IH nmr (80 MHz.,
CDCI) a: 2.89 (d, J. 2.6 Hz, 1 H, OH), 3.35 (dd, J:::> 2.6, 5.8 Hz, I H,
H·C~Me, 3.61 (s, 3 H, DCH), 5.05 (m, I H, !i-C-OH), 5.32 (m, 2 H,
C::CH2l, 5.96 (m, I H, l!-C=CHil, 7.32 (m, 5 H, phenyl H). Exact mass coled.
for CI:1H14~: 206.0942; found: 206.0968.
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2 .Et1Jlli.,.~.1,3 .dilhi(lll~ J,J·tJiqxide (101 )64'
Sodium periodale (5.39 g. 252 mmol) in walei' (40 roL) was added drupwise
with stining to 2-ethyl)denc·l.3-dimianc 91 (1.22 g, 8.4 mmol) in TI-IF (30 mL).
A white precipitate was formed in a mildly exothermic reaction. The suspension
was stirred for 12 h. The reaction mixture was CXtt3.Cled with dichloromethane (5
)( 25 rol), the combined extracts were dried. fillered, and concentrated under
vacuum to give a yellow, oily solid. The latter was washed with TIIF iL"Id
recrystallized from a mixture of THF and dichloromclhanc 10 give the dioxide 101
(O.98g, 65 %), mp 164·165.6 Ge, 'H nmr (80 MHz, CDCI) 0: 2.16 (d, 3H. J ..
3.5 Hz, CHrC",C). 2.2 - 2.9 (m. 4H), 3.06 (m, tH, H-CHS::O), 3.13 (m, tH,
!!-CHS=O), 6.16 (q, IH, 1 = 3.5 Hz, H-C:C). Exact mass calcd. for <;H1O~S2:
118.0122; found: 118.0121. This structure was conHrmed by X-ray crystallography.
Proc~dun 0/ PhllY - TTtJIIs/er CtlJal,sl Reaction: as
The spiro-aldehyde 83 (0.1314 g, 0.9 mmol) in dichloromelhane (3 mL) was
added dropwise al 22·C to a vigorousl)' stirring mixlure of dithiane dioxide 101
(O.l4466g, 0.8romol) and benl;)'hriethylammonium chloride (0.0192 g, 0.08mmol) in
dichloromcthane (l0 mL) and 10 % aqueous NaOH (2 mL) at room temperature.
After stirring for 10 min, the reaction solution was diluted with ice-cold water and
extracted with dichloromethane (3 )( 10 mL). TIle combined organic extracts were
wnshed with saturated aqueous NH4Cl, dried, filtered, and concentrated to give a
brown liquid. TI.C (3 % MeOH I CHCll) and IH nmr indicaled it was a mixture
of producrs.
3 • { M~thoXJ • 3 - ( 2', 2' • dim~thyltpiro ( 2. 4 ] h~pta - 4'. 6' _ di~n • I' • yl ) -
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pNJpyllthn~J-J,:J-diIIllQntl (104)86
Commercially available potassium hydroxide was placed in a round
bottomed flask and heated under vacuum wilh Bunsen burner to remove water.
The resulting potassium hydroxide was ground l1'Jickly and re-dried under vacuum
al 110°C to obtain a fine white powder.
An anhydrous TIlF I DMSO solution (20 mL, 1: 2 v/v) of lhe
cyclopenladiene-dilhiane 94 (O.729 g, 2.4 mmol) was added dropwise to a
suspension of dried KOH powder (1.120 g. 20 mmol) in anhydrous THF I DMSO
(SOmL, 1 :2vlv) maintained at O°C, followed by iodomethane (1.14g, 8.0mmol,
Aldrich). After the addition was complete, the reaction was slowly wanned to
room temperature and stirred overnight. The resulting solution was quenched with
ice-cold water and the mixture was extracted with ether (3 x 10 mL). The
combined ether extractS were dried over anhydrous Na,sO.. filtered. and
concentrated. The black residue was purified by flash chromatography (5% ethyl
sectale/petroleum ether) 10 afford the methyl elher dithiane 104 (0.569 g, n %) lIS
an oily liquid; 'H nmr (300 MHz, CDClJ.l 6: 1.36 (s, 3 H, CH), 1.38 (s, 3 H,
CHv, 2.03 (d, IH, J ... 9.6 Hz, cyclopropylH), 2.18 (m, 2H, Oi:z), 2.58 (dd, 2
H, }:5.7, 705Hz., OIz-CcC), 2.89 (t, 4H. J=6Hl., SOiv, 2.97 (s, 3H, 001),
3.41 (m, 1 H, CH-D), 6J11 (t, I H, J = 7.5 Hz, H·OaC), 6.22 (m, 1 H,
cyclopentadienyl H), 6.35 (m, 1 H, cyclopenladienyl H), 6.46 (m, 1 H,
cyclopentadienyl H), 6.50 (m, I H, cyclopemadienyl H).
Methyl 5· lerl - bulyldimethylsiloxyl • 3 . melllyl • 5 • ( 2', 2' . dimethylspiro [2. 4 J
hepta - 4', 6' _dien. I' _yt).2. pentenoate ( 100) 11.88
tert·Butyldimethylsilyl chloride (1.2995 g. 8.6 mmol, Aldrich) was added to a
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stirring suspension of silver perchlorate (1.7433 g. 8,5 mmol) in anhydrous
acetonitrile (25 mL) at room temperature. The while suspension fanned (silver
chloride ano tert·butyldimethylsilyl perchlorate) :vas stirred for 30 min and pyridine
(2 mL, excess) was added, followed by a solution of hydroxy-ester 80 (1.100 g,
4.2 romol) in anhydrous acetonitrile (5 mL). The resultant mixture was stirred
overnight, diluted with ether (30 mL), and then filtered. The filtrate was washed
with 5 % aqueous NaHC03 and brine, dried, filtered, and concentrated. Flash
chromatography (S % ethyl acetate I petroleum ether) afforded the silyl ether product
100 (1.429 g, 91 %) as a colorless liquid. GC·MS analysis indicated it was a
mixture of two major components with M+/z 376, IR spectroscopy indicated the
hydroxyl group had disappeared, and lH omr confirmed the existence of
lcrl-butyldimethylsilyl group. Therefore, the product was used directly for
Diels·Alder reaction without further purification.
5 • leTI- Bulyldimet/lylsiloxyl • 3, 3, 7, - trime/hyl ·8· met1lorycorbonyftetrocyc[o [ 5. 4.
02,4.0 2,9.} undecane ( 103 )
An anhydrous toluene solution (25 mL) conlaining silyl ether uiene 100
(0.6185 g, 1.6 mmol) and hydroquinone (2 mg, Aldrich) was placed in a thick-
walled glass pressure tube (Pyrex), flushed with nitrogen, and lhen sealed. The
pressure tube was placed in a microwave oven and surrounded with damp
venniculite. The reaction was conducted for 2 h, the pressure tube was completely
cooled, and the solution transferred to a round bottomed flask and concentrated.
The residue was purified by flash chromatography (5 % ethyl acetate I petroleum
ether) to yield the Diels~Alder adduct 103 (0,5535 g, 92 %) as a colorless liquid;
IR (film); 1715 (0=0), 1565 (C=C) em-1; lH nmr (300 MHz, CDCll ) a: -0.23 (S,
3H, SieHl), 0.15 (S, 3H, SieHl), 0.21 (d, J;:8.4Hz, 1 H, eyclopropyl H), 0.83
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(S, 3R, Oi,), 0.84 (5. 9H. (-butyl H), 1.09 (S, 3H, CH3-eyclopropane), 1.16
(S, 3 H, OIr cyc)opropane), 1.95 (dd, J:: 4.2. 11.4 Hz, 1 H, CH2• another H
hidden in CH) peak), 2.42 (m. 2 H, bridgehead CH), 2.90 (d, J '" 8.7 Hz,
H-C·C02Me), 3.66 (S. 3 H, OCHJ), 3.94 (m, 1 H, H·C-OTBDMSi), 5.89 (m, 1 H.
H.e-c), 6.17 (m, 1 H, H-Cae); 1JC nmr (eDCIl ) 6: 1755 (CaO), 136.6 (e-C),
131.5 (C=C), 71.5 (CH), 65.S (CH), 56.4 (quaternary C), 51.1 (013), 49.0
(CHV. 46.2 (CH), 43.8 (CH), 43.4 (quaternary C), 32.4 (CH). 25.6 (3 C, CH]),
25,0 (quaternary C), 23.7 (CH), 22.7 (Oi]), 17.9 (quaternary C). 17.2 (CH),
·4.6 (CH), -5.2 (CH3). Exact mass caled. for C18H:l70]Si (M...• I-butyl ):
319.1728; found: 319.1726.
5 - Hydroxy. J, J, 1- trimethyl. 8. mllhoxycarbonylldracyclo {S. 4. 0 1,1, 0 2,4, 0 2.9 J .
10. undet:tne ( IDS) 87
Teua·n-bu~ylammonium fluoride (1.0 M in 1liF, 2.5 mL. 2.5 mmol, Aldrich)
was added 10 a stirred solution of the silyl ether ester 103 (0.4718 g. 1.25 mmol)
in anhydrous TIiF (5 mL) at room temperature. The reaction solution was stirred
for a further '2 h and then evaporated to remove the solvent. The Wack residue
was dissolved in ether (15 mL) and washed with water (20 mL). The aqueous
layer was extracted with ether (10 mL) and the organic layers were combined,
washed with saturated aqueous NH40. dried, filtered. and concentrated. The
crude product was purified by nash chromatography (20 % ethyl acetate I petroleum
ether) to give 0.2448 g (75 %) of tetracyclic alcohol lOS as a pale yellow oil; IR
(film): 3440 (OH). 1720 (C..O), 1570 (C"'C) cm-t; IH nmr (300 MHz, COOJ) S:
0.23 (d, 1 H. J '" 8.8 Hz, cyclopropyl H), 0.83 (s, 3 H. CHJ), 1.11 (s, 3 H, CH),
I.U (d, lH. J",II.5Hz, Clh-CH-O), 1.17 (5, 3H, CHJ ), 1.95 (dd, IH, J=4.1.
I 1.5 Hz. Cfu-CH-O). 2.03(br.s. tH, OH), 2.42 (m, 2B. CHrC=C), 2.89 (d, t
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H, J::: 9 Hz, eH-C02Me). 3.72 (5, 3 H, OCH3), 4.03 (dd, I Ht J". 8.8, 9 Hz,
CH·O), 5.88 (m, JH. H-C:::C), 6.16 (m, 1 H, H·C=C); 13C nmr (COO) 5: i7S.5.
136.6, 131.8. 70.9, 67.3. 64.7. 56.8. 51.5, 49.0. 46.3, 43.8. 32.0, 25.4, 23.4.
22.6. 17.1; DEPT (CDCI,) 6; 136.6 (CH). 131.8 (CH). 70.9 (CH). 64.7 (CH).
51.5 (CH3), 49.0 (CHi). 46.3 (CA), 43.8 (CH), 32,0 (CH), 23.4 (CH3). 22.6
(CA), 17.1 (CH). Exact mass calcd. for Cl6H2002 (M+· H20): 244.1458;
found: 244.1462. Low resolution mass spectrum found 262 (CI6H2203' Mf).
4 • Hydroxy. 2 • isopropyl. 6 • met1lyI- 7 • melhoxycarbonylJricyclo [ S. 3. 0 J,6, 0 2,1 ] •
decane ( 109)
Tetracyclic alcohol lOS (0.057 g. 0.2 romol) was dissolved in clhyl acetate
(15 mL) and a catalytic amount of Pt02 (ca. 10 mg. Alfa Products) was suspended
in the solution. The reaction was carried out in a Parr apparatus under hydrogen
(60 psi) for 24 h. The resulting mixture was filtered and Ihe filtrate was
concenlrated 10 give a yellow solid. Recrysta1lizalion (ethyl acetate I hexane) of
the crude product yielded the tticyclic alcohol 109 (0.049 g, 86 %) as a white
solid; lR (CHel): 3610, 3450 (OH), 1725 (0=0) em-I; IH nmr (300 MHz,
CDCI) 0: 0.81 (d, 3 H, J'" 6.8 Hz, isopropyl CH), 0.90 (d, 3 H, J '" 6.8 Hz,
isopropyl CH), 0.96 (s, 3 H, CH), 1.00· 1.93 (overlaped 9 H), 2.01 (hr.s, I H,
CH), 2.10 (br. 5, 1 H, OH), 2.22 (d, I H, J '" 9.0 Hz, CH-C02-Me), 3.69 (5, 3 H,
OCH), 4.16 (m, I H, CH·O); I)C nmr (CDCl) 0: 175.6, 70.5, 63.9. 55.0,
51.4, 49.6, 43.7, 41.9, 41.8, 31.3. 27.8, 27.0, 22.6, 20.7, 18.0. 17.4; DEPT
(CDCI) 0: 70.5 (CH), 63.9 (CH), 51.4 (CH), 49.6 (CHv, 43.7 (CH), 41.8
(CH). 3\.3 (CH,J. 27.8 (CH). 27.0 (CH,J. 22.6 (CH,). 20.7 (CH,J. 18.0 (CH,).
17.4 (CH). Exact mass ealed. for C16Hz,402 (M+. H20) 248.1770; found
248.1722. Low resolulion mass spectrum found 266 (CI6H260), Mt).
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5 - Phenoxythiocarbonyloxy .3,3, 1 -trlmethyl· 8 - melhoxycarbonyllelracyclo /5. 4. 0
1,".0 2,4.0 2,9J -10 _ untkcene ( lIO) 70,89
Pyridine (160~ 2.0 mmol, Aldrich, dried with 4 A. molecular sieves) was
added to a stirred solution of tetracyclic alcohol IDS (0.1968 g. 0.75 romo]) in
anhydrous dichloromethane (5 mL) maintained at room temperature, foHowed by
phenyl chlorothiofonnate (118 1l.1... 0.85 mmol, Aldrich), The resulting yellow
solution was stirred for 1 h at room temperature, concentrated, and the residue was
dissolved in 20 mL of ether. The ether solution was washed with 5 % aqueous
Hel (5 mL), 5 % aqueous NaHC~ (5 mL), and brine (10 roL), dried. filtered,
concentrated. and purified by Chromatotron (2 % ethyl acetate I petroleum ether) to
give the thiocarbonate product 110 (0.1662 g, 56 %) as a yellow solid; IH nmr
(300 MHz, COO) 8: 0.42 (d, I H. J '" 8.4 Hz., cyclopropyl H), 0.88 (s. 1 H. CHl ),
1.19 (d, 1 H, J'" 11.6 Hz), 1.22 (s. 3 H. CHl), 2.00 (dd, 1 H, J '" 4.2, 11.6 Hz.
CHv. 2.49 (hr. s, 1 H, CH-C=C), 2.54 (ro, 1H, CH-C"'C), 3.26 (d, 1H, J '" 9 Hz,
CH-C02Me), 3.72 (s. 3 H, CH3), 5.44 (I, 1 H, J", 8.7 Hz, CH-O), 5.94 (m, I H,
H-C=C), 6.21 (dd, 1 H, J '" 2,7, 5.7 Hz, H-C=C). 7.09 (d, 2 H. J '" 8.2 Hz, phenyl
H), 7.27 (ro, 1 H, phenyl H), 7.40 (ro, 2 H, phenyl H); IlC nmr (CDCI) 0:
193.5, 173.7, 153.4, 136.5, 131.2, 129.4 (2C), 126.4, 121.9 (2C), 83.0, 61.3.
56.5, 51.6. 48.5, 46.3, 43.9, 43.8, 29.4, 26.2, 23.4, 22.6. 17.9; APT (COCll).
(CH2• C=:O. qualemaryC) 15: 193.5. 173.7, 153.4. 56.5, 48.5. 43.9. 26.2; (CH3,
CH) S: 136.5, 131.2, 129.4. 126.4, 121.9, 83.0, 61.3, 51.6, 46.3, 43.8, 29.4.
23.4, 22.6, 17.9. Low resolution mass spectrum found 398 (CnH260 4S, M+). 366
(M+-S), 338 (M+-AcOH), 244 (M+-PhO(C=S)OH).
:Z • Isopropyl - 6 - mel!lyl. 7· methoxycarbonyltricycla [5.3. O',f. ()l,B J-3 - decene
(111 )
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Tctracyclic alcohol lOS (0.0583 g, 0.22 romol) was dissolved in ethyl acetate
(20 roL) and a calalytic amount (ca. 10 mg) of 10 % Pd I activated carbon (Alfa
Products) was suspended in the solution. The reaction was carried out in Parr
apparatus under hydrogen (to psi) for 10 h. The reaction mixture was then fillered
and the filtrate was concentrated to give the hydrogenated tetracyclic alcohol
(0.0564 g. 96 %) as a pale yellow liquid. This product was used directly for the
next synthetic step·,
2. The hydrogenation product was dissolved in anhydrous dichloromethane (5
roL) and pyridine (65 ilL, 0.8 romol, Aldrich, dried over 3 A molecular sieves) was
added at room temperature, followed by phenyl chlorothiofonnatc (53 JiL, 0.6
mmo!, Aldrich). The yellow solution was stirred for 1 h at room temperature and
concentrated 10 remove the solvent. The residue was dissolved in ether (20 mL)
and the ether solution was washed with 5 % aqueous Hel (5 mL), 5 % aqueous
NaHCOJ (5 mL), and brine (10 roL). The washed organic solution was dried,
filtered, and concentrated to give a dark-brown oily material. The crude product
passed through a short silica gel column (eluted with 2% ethyl acetate/petroleum
ether) 10 afford thiocarbonate product (0.0522 g, 61 %), which was used directly
for the radical reaction without further purification.
3. A solution of tributyltin hydride (81 ilL, 0.3 romol, Aldrich) and AIBN (5 mg,
recrystallized, from Aldrich) in anhydrous toluene (5 roL) was added with a syringe
pump (0.25 mL/ h) to a stirred solution of thiocarbonate compound (0.0522 g, 0.13
mmol) in refluxing anhydrous toluene (10 mL). After Ihe addition was complete,
the reaction mixture was stirred and refluxed for a further 4 h, cooled to room
temperature, and concentrated 10 remove the solvent. The residue was applied
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overnight 10 the top of a silica gel column (sat"Jrated with petroleum ether), eluted
flnt with petroleum elher to wash OUt the tin compound (nasty odor), and then
eluted with 2" ethyl acetate Jpetroleum ether to yield 0.0255 g (70.4 'II) of I
colorless liquid. GC· MS analysis indicated it wu a mixture of cyclopropane ring
opened products 111 and 112 (approximately 9: 1). Isopropyl tricyclic alkene 111i
IH nmr (300 MHz. COO) 6: 0.&6 (d. 3 H, J "" 6,9 Hz. isopropyl Oi,), 0.92 (d. 3
H, J "" 6.9 Hz, isopropyl Oi)}, 1.09 (5, 3 H, CH), 1.26 (m, 2 H, CH2), 1.58 - 1.76
(overlaped 4 H, CH:V. 1.89 (sexltl, I H, J '" 6.9 Hz, isopropyl H), 2.04 (m, I H,
eH), 2.23 (m, 1 H, eH), 2.65 (d, I H. J - 4.5 Hz, CH-C02Me), 3.65 (s. 3 H,
OCH3), 5.56 (dd, 1 .', J. 4.5, 9.8 Hz, H·C=C), 5.90 (d, 1 H, J '" 9.8 Hz, H-C=C)i
DC nmr (COO) 5: 173.3, 133.2. 123.6. 57.5. 56.8. 51.3. 46.0. 45.8, 44.0,
41.3, 28.8. 26.5, 22.8. 20.3. 19.0, 17.4.
A attempt to purify the hydrogenation product by recrystallization (ethyl
acetate I hexane) caused an isomerization of the cyclopropane ring 10 yield a
sinularene·type product: 4-hydroxy-2·isopropenyl06- methyl • 7 •
metholtycarbonyltricyclo (5. 3. 0 1.6. 0 z.1]--decane; lR (film): 3605 (OH), 1725
(0:0), 1640 (C=C) em-I; IH nmr (300 MHz, CDCl3) 6: 0.97 (s, 3 H, CH3), 1.15
(ro, 1 H), 1.48 (m, 2 H, CHv, 1.53 (br. So 2 H, CH2), 1.73 (s, 3 H, CHre-.C),
1.66 - 1.87 (overlap 3 H), 2.01 (br. So I H, CH), 2.22 (d, 1 H, J. 8.7 Hz,
CH-C~Me), 2.23 (hr. 5, 1 H, OH), 3.69 (5, 3 H, OCH), 4.32 (m, 1 H, CH·O),
4,71 (m, 2 H, CHt'.C); 13C nmr (COCl) 6: 175.5. 148.4, 109,6, 69.5. 63.5,
56.9. 51.5, 48,7, 43.9, 42,0. 41.7, 38.1, 27.5. 22.5, 21.1. 19.8; DEPT (CDCI)
S, 109.2 (CH,), 69.S (CHI, 63.5 (CHI, 48.7 (CH,I, 43.9 (CHI, 42.0 (CHI, 38.\
(CHv, 27,5 (CH:z), 22,5 (CH3), 21.1 (CH:z), 19.8 (CH). Low resolution mass
specuum found 264 (CI~O). M+), 246 (M+- H20).
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3. J, 1 - Trimtlllyl-8 • mtthqxcarN"J1/~t'4CJclo [5. 4. 0 J.t. 0 Z,4. 0 l,9J·10 • Ilntkce" •
S.ont: (115)'79,10
A solution of dimethyl sulfoxide (210 J,lL. 3.0 mmol, dried over CaH:z) in
anhydrous CH20 2 (2 mL) was added dropwise to a solution of olUllyl chloride
(130~ 1.5 mmol. Aldrich) in anhydrous CHZ0 2 (S mL) maintained at -1SoC with
an external solid CO2 I acetone bath. After stirring for 10 min, alcohol 105
(0.3369 g, 1.3 mmol) in anhydrous CH2Clz (3 mL) was added dropwise. fonning a
white precipitate. The suspension was stirred for 15 min at -7SoC and
triethylamine (0.8 mL, excess) in anhydrous CH2Cl2 (2 mLl was added dropwise to
Conn a clear yellow solution. The solution was al!owed to wann to aOc with
external ice I water bath, cold water (15 mL) was added. and the mixture was
stirred for 10 min at oOe. The resulting mixture was separated and the aqueous
layer was re-exO'llcted with OJ2~ (10 mL). The combined organic layers were
washed wilh 5 41 hydrochloric acid (S mL), 5 % aqueous NaHCO:J (5 mL), and
brine, dried, filtered, and concentrated 10 afford crude ketone product 115 as I
yellow solid (03118 g, 93 %). This pnxluct was funher purified by
recrystallization (ethyl DCell(e I hexane) to give white crystals (0.2527 g, 75.4 '£):
mp 37-38.S°C; 18 nmr (300 MHI, CDOy 5: 0.87 (5, I H, cyclopropyl H), 0.90
(s, 3 H, CHY. 1.12 (5. 3H, CH~, 1.16 (s, 3 H, CHy, 1.30 (d, I H, }=.12Hz..
tl·CH-Cz:O), 2.13 (dd, I H, J =. 4,12 HI, tl-CH·e=O), 2.68 (m, 1 H, CH·O=C),
2.70 (ro, I H, CH,CDC), 3.58 (1, 1 H, CH-eKO), 3.72 (5, 3 H, OCA3), 6.06 (m,
I H, H-C=C), 6.27 (m, I H, H.C=C); 13C nmr (CDCI) & 205.0, 170.7, 136.9,
131.9. 69.9, 57.9, 51.6, 48.3, 47.4, 44.7, 44.6, 35.4, 30.9, 23.1, 22.9, 19.5.
Exacr nwss calcd. for CI6H200 3 260.1407; found 260.1420.
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2.11 Trifluoroacetic anhydride (0.56 mL, 4.0 mmol, Aldricfl) was added to a
solution of dimethylsulfoxide (0.32 mL, 4.5 mmol. dried over CaHV in anhycirous
CH1C~ (5 mL) maintained al -7SoC with an external solid COt I acetone N.th. 10
form a white precipitate. After stirring for IS min. a solution of alcohol lOS
(0.2018 g. 0.77 mmo!) in anhydrous CH1Q 2 (S mI.) was added dropwise over a
period of 10 min; 30 min later, a solUlion of triethylamine (1.4 ml., excess) in
anhydrous CH1C11 (2 nJ1...) was added dropwise to give a clear yellow solution.
The solution was allowed to warm slowly to oDe, stirred for 30 min at oDe.
diluted with CH1Cl1 (20 mL), and quenched with cold waler. The mixture was
separated and the aqueous layer was extracted with CH1Cl1. (20 mLl. The
combined organic layers were washed with an equal volume of water, 5 %
hydrochloric acid, 5 % aqueous NaHC03 and SlI.lunlled aqueous NH.CI. dried.
filtered, and concentrated. Rash chromatogr:lphy (10 % ethyl acetate I petroleum
~'her) afforded !he ketone ester 115 (0.1714 g, 86 %) 85 a pale yellow oil. The IH
nmr spectrum of this product was consistent with the product obtained by the
method described above. However isomerization of the methyl ester group had
occurred at e.g. The most obvious evidence was the presence of a minor OCHJ
peak (63.71) and a major one (63.72) with a combined toW integration of three
prOions.
Unsuccessful Jones' Oxidation to Prepare ( lJ5) 89
Jones' reagent was prepared according to the literature method from eraJ
(7 g) and concentmted ~S04 (6 ml.) in water (SO ml). A stirred solution of
alcohol 105 (48 mg) in 10 mL of acelone/1HF (10: I) at room temperature was
treated with the rones' reagent. The resulting mixture was concentr.tted and the
residue was exttacted in a separatory funnel with a mixlure of 1 : 1 ether / water
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(30 mL). The ether layer was dried. ftltc:red. and co~ntraled lO give a yellow
liquid. The IH nmr spectrum indicated it was a mixture of complicated producU.
2 -lsopropeflyl. 6· mtthyl.'. methoxycllrbo",ltricldo {So 3. 0 1.6.0%,1 } be -9- III·
4-one (116)
Crystalline CriSO..n:.lSH20 (2.35 g. Aldrich) and zinc powder (1.6 g,
Aldrich) were added in ponions 10 a stirred solution of Ictracyclic ketone 115
(0,1735 g, 0.67 mmol) in a 2: 1 mixture ot DMF I H20 (SO mL) at room
temperature. The fCnction was exothennic and fanned a deep blue ~....tution wilh
zinc powder suspended in il. The mixture was SUIl"'.d for I h 111 RT" diluted with
ether (20 mL), and filtered. The filtrate was separated and the aqueous layer was
extracted with ether (IS mL). The combined organic layers were washed with
water (20 mL), dried. and concemrated. Hash chromatography (10 % ethyl
acelate I petroleum ether) yielded cyclopropane ring isomerization product 116
(0.1045 g. 60 'II) as a pale yellow liquid; IR (film): 1730 (CaO), 1710 (CaO),
1645 (C=Cl, 1560 (c.c) em·lj IH nmr (300 MHz. coal) 6: 1.04 (5. 3 H. CH3),
1.13 (m, 1 H, OIi), 1.62 (m, 1 H. OIz), 1.65 (5. 3 H. Q{,.O:C), 247 (m, 1 H,
CH-e=C), 2.81 (m, 2 H, CH,·e--Q), 3.02 (m, 1 H, CH·C=C), 3.40 (d, 1 H, 1 =
1.1 Hz, CH-C01Me). 3,72 (s, 3 H, OCH). 4.69 (m, 1 H. tenninal CH2=C), 4.77
(m, 1 H, tenninal CH1wC), 5.97 (m, 1 H, H-e-c), 6.17 (m, I H, H-O=C)j 13C
nmr (COO)) 0: 205.7, J69.2, 148.0, J37.5, 131.0, IlLS, 68.1. 66.7, 52.1,
50.9. 50.1, 47.4, 41.9, 40,3, 24.4, 21.9; DEPT (CDCI3) 6: 137.5 (CH), 131.0
(CH), 111.8 (CH~, 66.1 (CH), 52.1 (CH,), 50.9 (CH), 50.1 (CH), 47.4 (CH,),
40.3 (CHz), 24.4 (CH), 21.9 (CH)). Exact mass calcd. for C I6Hw0 3: 260.1407;
found: 260.1411.
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2. A Cr(D) solullon was prepared as follows:90 crystalline Cr2(S04),l.lSH20 (5
g) and zinc powder (1.3 g) wert mixed in distilled water (30 roL) and the miK.lure
was stirred overnight at room temperature under nitrogen. Decanted (rom the
precipitates, a clear blue solution of Cr(II)504 (CD.. 0.5 M) was obtained. This
prepared Cr(ll) solution (2 roL) and zinc powder (0.1 g) were added 10 a solution
of cyclopropane ketone 11S (8 mg. 0.03 mmol) in DMF (6 mL). The reaction was
stirred for 36 h al room temperature and no reaction was observed (GC-MS
monitoring). Then the reaction mixture was refluxed for 12 h. Afler cooling to
room temperature, the resulting mixture was filtered and the filtr<1te was extracted
with ether (2 x 15 roLl. The combined ether extracts were washed with brine.
dried. filtered. and concentrated. Flash chromatography (5 % ethyl acetate I
petroleum ether) yielded Il single product (7 mg), whose lH nmr spectrum was
consistent with that of cyclopropane ring isomerization product 116.
3,3,7 - Trimethyl. 8 ~ metl1yoxycarbonylletracyclo [5. 4. 0 1,1. 02,,,. 0 2,9 } undecan ·5·
one (118)
Alkene ketone 115 (0.2210 g, 0.85 mmol) was dissolved in ethyl acetate (10
mL) and a catalytic amount of 10 % Pd I activated carbon (ca. 20 mg, Alfa ProdUCI)
was suspended in the solution. The hydrogenation was cnnied out in a Parr
apparatus under hydrogen (IS psi) for 12 h. The resulting mixture was fillered
through a band of Celire and the filtrate was concentrated to give a yellow solid.
Recrystallization (ethyl acetate I hexane) gave the ketone ester 118 (0.2071 g. 93 %)
as a white crystal; IR (CHCI3): 1732 (C=O), 1715 (C=O) em"; 'H nmr (200
MHz. COO) a: 0.94 (s, I H. eyc1opropyl H), 1.03 (s, 3 H, CH3), 1.15 (s, 3 H.
CH3), 1.20 (s. 3 H. CH3), 1.36 (d. 1 H, J::: 12 Hz, tl·CH·C=O), 1.75 - 1.80
(overlaped m, 3 H), 1.95 - 2.15 (overlaped m, 4 H), 3.24 (s, I H, CH-C=O). 3.71
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(OCHl ); I3C nmr (COOy &; 205.4, 170.1, 72.6. 51.5. 50.6, 47.5, 43.0. 39.9.
33.3. 30.9. 29.0. 22.9, 22.6. 21.4, 19.3. Emet INJSS calcd. for CI6H:z:zOJ:
262.1563; found: 262.1544.
2 ./sopropenyl. 6 - methyl- 7· melhoxycarbonyltricyt::lo 15.3.0 J,6. 0 2,1 J decan _4 -
one (1/9)
A methanol (l mL) solution of cyclopropane ketone 118 (6 mg, 0.02 romol)
was added to a slimd mixture of zinc powder (0.5 g) and zinc chloride (0.5 g) in
methanol (5 mL) at room temperature. A few drops of glacial acelie acid were
added and the mixture was refluxed with stirring ovemighL After cooling to
room ternpenture, the miJClUte was fileered and the filtr..:;e was extraCted with ether
(2 x 10 mL). The combined etocr layers were washed with 5 % aqueous NaH~
(5 mL) and brine (IS mL), dried. filtered. and concentrated. Rash
chromatography (10 % elhyl acetate I petroleum ether) afforded the cyclopropane
ring isomerization product 119 (S mg. 83 %) as II. colorless liquid; 'H nmr (300
MHz, COOl) 5: 1.11 (5. 3 H, OI3), 1.07 - 1.22 (overlap 3 H), 1.72 (5, 3 H,
CH)-C=C), 1.58 - 1.89 (overlap 3 H>, 2,16 (m, 2 H, CH~. 2.34 (m, 1 H, CH),
2,49 (m, 1 H, CH). 3.10 (br.s, 1 H, CH-C02Me), 3.71 (~ 3H, OCHy, 4.73 (m,
1 H, H-e-c), 4.84 (m. 1 H, H-C:C). Low resolUlion mass spectrum found 262
(CI6Hn 0 3, Mi).
Li I NHJ Reductive Cyclopropant Ring Opening 71. 91
Ammonia gas from a cylinder was condensed into a flask through a solid
CO,.! acetone cooling condenser and the flask was also maintained al _78°C with
an external solid C<J..l1 acctone bath. After the liquid ammonia volume was ca. 3
mL, a small piece of lithium metal (ca. 8 mg) was added and I blue solution
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fonned. A solution of cyclopropane ketone 118 (0.2091 g. 0.79 mmol) and
ttn·buranol (0.0805 g. 1.1 nvnoI) in anhydrous ether (10 mL) was added dropwise
(0 the Li I NH3 solution. After the addition was complete, stirring was continued
(or 10 min at -7S°C. The reaction was quenched with ammonium chloride. and the
solMi ~ I acetone bath WIS removed. The reaction mixture was allowed to WlUTI'1
ooO°C with an external ice/waler bath and the ammonia was allowed to evaporate
under a stream of Nz. Watet (10 mL) was added, the resulting mixture was
separated. and the aqueous layer was extracted with tiller (2 x 10 mL). The
combined organic layers were washed with saturated aqueous NH4Cl (20 mL),
dried, filtered, and concentrated. Flash chromatography (S % ethyl acetate J
petroleum ether) afforded a pale yellow oil (0.2019 g. 97 %). GC·MS established it
WIS a mixture of two components with M+/z 264, and the ratio was almost I : I.
This mixture and p-toluenesulfonohydrazide (0.1843 g, 1.0 mmol, Aldrich)
were mixed in absolute methanol (5 mL), and the solution was renuxed and stirred
(or I h 92. After cooling to room temperature, CH10 2 (10 mL) was added and the
mixture was washed with water (10 mL), dried. filtered, and concentrated to give
a yellow solid. Recrystallization (ethanol! water) gave a pale yellow solid, which
was a mixture of two tosylhydrazone products. Effons to separate the mixture by
nash chromatography were unsuccessful.
The mixlUre of tosylhydrazone products were dissolved in anhydrous THF (S
mL) and LiAlH.. (0.1 g) was added in portions at OoC. The reaction mixture was
allowed to warm to room tempertlture and stirred for I h. After work-up by
adding ice-cold water, the mixture was filtered, lind the filtrate was extracted with
CH2CI2 (2 x 15 mL). The combined CH2CI2 extracts were washed with brine (30
mL), dried, fIillered, and concentroled to give an oily liquid. Flash chromatography
(25 % ethyl acetate I petroleum ether) afforded a colorless liquid (0.091 g), which
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still was a mixmre of reduction products. This mixture was kept in freezer for
further purification.
At/empt to Prepare (25, 3R) 1,:2 - Epoxy. 3 _butanol (t:)
Activated 3 A molecular sieves (2 g, 30 % w/w to alcohol, Fisher, ground
and dried overnight III vacuo at 110°C) were added to a stirred solution of
3-bulen-2-o1 (7.21 g, 100 mmol, Aldrich) and (+)-diisopropyl tartrate [(+)-DlPT]
(3.52 g, 15 moot, Aldrich) in anhydrous CH2;C12 (400 mL). The suspension was
cooled to _20°C lind titanium tetraisopropoxide (3 mL, 10 mmol, Aldrich,
re-distilled) was added dropwise. After stirring for 30 min at .20De. a solution of
anhydrous tert-butyl hydroperoxidc6 (3.3 M in toluene, 21.2 mL., 70 mmel) was
added dropwise and the reaction mixture was stirred for 6 days in a freezer (ca.
_20D e). A freshly prepared aqueous solution (100 mL) of ferrous sulfate
heptahydrate (33 g) and citric acid monohydrate (11 g) was cooled to OGC with an
external ice I water bath and the reaction mixture was poured into it. The
two-phase mixture was stirred for 15 min and filtered. The filtrate was separated
and the aqueous layer was clttracted with CH2CI2 (2)( 50 mL). The combined
organic layers wcre treated with an aqueous solution (100 mL) of NnCI (5 g) and
NaOH (30 g) by vigorously stirring for 1 h at aGe. The mixture was separated
and thc aqueous layer was extracted with CH2CI2 (2 x 50 mL). The combined
organic layers were dried and then concentrated at aGc. None of the desired
product was found in the residue. (Based on the method of Sharpless.73)
2. Titanium telrnisoproxide (30 mL, 100 romel. Aldrich, re.<Jistilled) was added
dropwise to a stirred solution of 3-buten-2-o1 (7.2 g, tOO mmol. Aldrich) and
(+)-diisopropyl tamale (28.1 g, 120 mmol, Aldrich) in anhydrous CH2CI2 (400 mL)
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maintained at -woe. After stirring for 30 min at _200e. a solution of anhydrous
ten-butyl hydroperoxide" (3.3 M in toluene, 18 mL, 60 mmol) was added dropwise
and then the reaction mixture was stirred for 3 days in a freezer (ca. _20De). The
resulting mixture was poured into a cooled (_20GC) solution of acelOne (300 mLl
and water (30 mL). The viscous mixture was stirred while wanning 10 R.T. and
then filtered. The filtrate was concentrated to ca. 50 mL and mixed with an
aqueous solution (100 mL) of NaCl (5 g) and NaOH (30 g) at O°C. The two-phase
mixture was vigorously stirred for 1 h at 0
0
C and separated. The aqueous layer
was extracted with CH2CI2 (2 x 50 mL) and the combined organic layers were
washed with brine (100 mL), dried, filtered, and concentrated at OoC to give a
milky liquid. which did not contain the desired product. (Based on the method of
reference 94.)
3. 3-Buten-2-01 (3.6 g, 50 mmol, Aldrich), 3 A molecular sieves (3.5 g, Aldrich,
ground and dried overnight in vacuo at llO°C) and (+)-diethyl tartrate (2.5 roL, IS
romol, Aldrich) were mixed in anhydrous CH::l;CI::l; (200 mL). The mixture was
stirred and cooled to .1OoC with an external ice I salt bath. Titanium
tetraisoproxide (2.5 mL, 8 mmol, Aldrich, re-distilled) was added dropwise,
followed by anhydrous terr-butyl hydroperoxide" (3.3 M in toluene, 20 mL, 60
mmol), and the reaction mixture was stirred for 24 h at _20°C. GC·MS did not
indicate any of the desired reaction product. (Based on the method of refereilce
93.)
terr-Butyl hydroperoxide (70 % in Hop, 325 roL, Aldrich) and reagent-grade
toluene (400 mL) were mixed in alL separatory funnel by swirling (do not
shake), and then separated. The organic layer was transferred to alL
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round-bottom flask equipped a Dean-SlaB: trap and a condenser. 'The solution was
refluxed under N1• about 20 mL of water was collecled. and then a further 20 mL
of distillate was removed through the side arm 10 ensure removal of the last trace
of watet'. After cooling to room tempcr.1ture, the remaining solution (ea. 600 mL)
was transferred to a brown glass bottle and Siored over 4 A molecular sieves in •
cold-room (ca. 4°C). The concentration of leon-butyl hydroperoxide was
approximately 33M.
(-). Mentllyl chlorojormale ( 130)
Phosgene gas was bubbled through toluene (100 roL, pre-weighed with
container) at DoC for an hour and the co,uainer was weighed to establish the
amount of phosgene dissolved in toluene. This worle must be done in the
fumehood.
A solution of (-}m:nthol (15.6 g. 0.1 mol, Fish;:::r) and quinoline (14.2 g,
0.11 mol, Aldrich. re-distilled) was prepared in toluene (100 roL) and cooled to
O"C. A stoclc toluene solution of phosgene (20 g. 0.2 mol) was added dropwise to
the solution and slowly formed. while precipitate. The mixlure was stirred at OoC
and monitored by TI..C until the reaction was complete. The resulting mixture was
fillered to remove the precipitate. and the filtrate was flushed with nitrogen in
fumehood at 21°C to remove the excess phosgene. The flushed solution was
transferred. to an Erlenme)'er flask and a few grams of calcium carbonate were
added as Ihe stabilizer. This <.)-menthyl chloroformale 130 solution in
approximately 1 mmoll mL concentration was stored in refrigerator before use.
(Based on the method of reference 74,)
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( JR') (2',2'. DimethylJpiro [2. ") - 4', 6' • dien • I' - 11 ) mtth,1 (oJ men'hyl
carbonllJe ( HI )
The stock solution of (+menthyl chl0r0fonnate 130 (1.2 equimolnr to
spiro-alcohol 82) was concentrated and the residue was re-dissolved in anhydrous
benzene 10 prepare a 0.5 mmoll mL solution. To the solution was added dropwise
a solution of racemic spiro-alcohol 91 and triethylamine (equimolar) in anhydrous
benzene (I mmol I mL). The reaction mixture was filtered to remove the
precipitate formed, and the filtrate was concentrated to give a thick brown liquid.
This mixture was separated by flash chromatography (2 % ethyl acetate I petroleum)
to afford the spiro-heptadienyl (o)-menthyl carbonate 131 as a white solid; mp
29-31°0, IH nmr (300 MHz, CDeI) S: 0.79 (d, 3 H. J _7 Hz, CH), 0.91 (I, 6
H, J '" 6.5 Hz, isopropyl CHJ), l.OS (m, 2 H, CHv. 1.41 (5, 6H.
CH)-cyc1opropane), 1.36· 1.46 (m, 2 H, CH:z), 1.66 (m, 2 H, CHv. 1.94 (m, ) H,
01), 203 (m, I H. 01), 2.43 (l, 1 H. J '" 7.2 Hz, cyclopropyl H), 4.38 (d, 2 H, J
'" 7.2 Hz, CHrO). 4.52 (dt, I H, J '" 4.4, 10.9 Hz, 01-0). 6.25 (m, 2 H.
cyclopentadienyl H). 6.45 (m, 1 H, cyclopentadienyl H). 6.53 (m, I H,
cyclopentadienyl H); 13C nmr (COO) &: 158.8, 137.4. 1325, 131.2, 129.3.
78.4. 66.3, 51.2, 47.0, 40.7. 37.8. 34.1. 33.9. 31.4, 26.8. 26.1, 23.3, 21.9,
20.6. 19.8, 16.3.
Chiral shifl reagent. tris[J.(trifiuoromethyhydroxymethylene)-(+)-camphnratol.
europium{III) derivative, was added to a CDCI) solution (0.5 mL) containing the
(+menthyl carbonate 131 (6.7 mg. 0.02 mmol) in the following molar ratios (I : I,
I : 2, I: 3, 1: 4) and IH nmr spectra were recorded. No new signals were
observed, and there was no line broadening except for the isopropyl methyl
resonances (5 0.91) which were isolated into two doublets.
133
(+) (IR )1,2 .DlmethyI.l.hydroxymethylspiro{2. 4J lu!ptfJ -4.6· diene (132)
Spiroheptadienyl (-).menlhyl carbonate 131 (3.98 g. 12 mmol) was dissolved
in anhydrous TI-IF (50 mL) and cooled 100°C with an external ice - water bath.
Lithium aluminum hydride (1.14 g. 30 mmol) was added in several small ponions.
The reaction suspension was n110wcd to warm slowly to room temperoture, and the
suspension was stirred until the reaction was complete by 1LC monitoring. The
reaction mixture was re-cooJed to aOc and the excess LiAlH4 was destroyed with
careful addition of cold water. The resulting mixture was filtered and the filtrate
was neutralized with 5 % aqueous hydrochloric acid. This solution was extracted
with elher (3 x 25 mL) and the combined ether layers were dried. filtered and
concentrated. Flash chromatography (20 % ethyl acetate I petroleum ether) afforded
(+)-R-spiro-a.leohol 133 (1.762 g, 98 %) as a colorless liquid; [af2 =+2].4° (e 4.6.
CHCI3); IR (film): 3350 (br, OH), 3090, 3060 (H-C=C). 1650 (5. C=C) em-I; IH
NMR (300 MHz. CDCI3) 0: 1.41 5, 3H. CH3), 1.43 (s, 3H. CH3), 1.71 (br s, IH.
OH), 2.41 (dd, tH. J = 7.5, 8.1 Hz, eyclopropyl H), 3.80 (dd, IH. J'" 8.1, 11.7
Hz, CH2-O), 3.99 (dd. !H. J'" 7.5. 11.7 Hz, CH2-O). 6.30 (m, 2H.
eyelopcnradienyl H), 6.45 (m, IH. eyelopentadienyl H), 6.57 (m, tH,
eyelopemadieny! H); I3C NMR (CDC!) 0: 138.4. 133.0. l3l.8, 129.2, 62.0, 52.3.
43.4, 35.3. 27.5, 20.4. Exact mass caled. for CtoH140: 150.1044; found:
150.1032.
(+) ( l'R) .. 2' ,2' . Dim~'llylrpiro /2. 4Jll~pta. 4', 6'· dien~ -1'. yl) carboxald~llyd~
(/33 )
The spinh\lcohol 145 (2.25 g, 15 mmol) in dichloromethane (25 mL) was
added dropwise to a stirring, refluxing suspension of activated MnOz/ charcoal (40
g 115 a prepared mixture) in dichloromethane (250 mL). The mixlUre was slirred
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under reflux for 12 h. cooled to room tempemture, filtered through Celite and
anhydrous MgS04• and washed lhoroughly with dichloromclbane. The combined
filtrates were concentrated and the crude product was purified by flash
chromatography (5 % ethyl acetate I pettoleum ether) to yield the
(+)-R-spiro-aldehyde 133 (1.90 g, 86 %) as a pale yellow liquid: [a]ll .. +23.00 (c
2.9, CHeI3): IR (film): 2825 (H-CO), 2720 (H·eD), 1704 (C=O) em·l ; IH NMR
(300 MHz, CDCl3) 5: 1.42 (5, 3H, CH3), 1.56 (5, 3H, CHJ}.2.78 (d. tH, J =6 Hz,
cyclopropyl H). 6.17 (m, tH, cyclopentadienyl Hl, 6.53 (m, ZH. cyclopentadienyl
H), 6.60 (m, 1R, cyc10pentadienyl H). 9.56 (d, lH, J = 6 Hz, H·C=O); 13C nmr
(CDCly 6: 198.0, 135.5. 132.4, 131.6, 131.4, 56.8, 49.4, 37.1, 26.8. 20.7. Exact
mass calcd. for CIOH I20: 148.0888; found: 148.0888.
(+) (SR, l'R) 3 - Methyl. S· (1',2' • dimel1lylspiro [1 .4] hepta .4',6' • die" • 1'·
y1). 6· oxa· 2· cyclollexe"Qne ( 134)
An LOA solution was prepared from diisopropylamine (0.32 mL, 2.3 mmo])
and n-butyllithium (2.5 M. 0.9 mI., 2.3 mmol. Aldrich) in anhydrous THF (5 mL) at
_40°C, and a solution of 3,3-dimethylacl)'ate 97 (0.2510 g, 2.2 mmol) in anhydrous
TIlF (2 mI.) was added dropwise. After stirring for 20 min. cadmium chloride
powder (0.3660 g, 2.0 mmo!. Aldrich. gold label, ground and dried overnight under
vacuum at llQoC) was added in one portion. The suspension was stirred for 30
min at _40°C, and a solution of (+)·spiro-aldehyde 133 (0.1586 g, 1.1 mmol) in
anhydrous THF (5 mL) was added by syringe pump (0.1 mL I min). After the
addition was complete, stirring was continued for a funher 30 min at _40°C. The
reaction was allowed to warm to oDe, stirred (or 2 hours at oDe, and then
quenched with saturated a<!ueous NH4CI. The mixture was filtered through Celite
and the filtrate was extracted with ether (2 x 15 roll. The combined organic layers
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were dried, filtered and concentrated. Flash chromatography (15 % ethyl acetate I
petroleum ether) afforded (+)-triene lactone 134 (0.1846 g. 73 %) as a colorless
liquid and a.-product 88 (0.0387 g, 15 %). (+).Triene.laclone 134; [o.J22 =+17.7° (c
3.4, CHell); lR (film): 1710 (CeO), 1650 (C=C) em·l; IH nmr (200 MHz,
eDCll ) 0: 1.39 (s, 3 H, CH3), 1.43 (5, 3 H, CH3), 1.87 (5. 3 H. CHloe-C), 1.93
~ 2.09 (m, 2 H, CH2-C=-C), 2.31 (d, 1 Ht J "" 4.2 Hz, cyc1opropyl H), 4.48 (m, 1 H,
H-C-O), 5.76 (s, 1 H, H-CcC), 6.17 (m, 1 H, cyclopentadicnyl H), 6.28 (m, 1 H,
cyclopentadicnyl H), 6.49 (m, 1 Ht cyclopentadicnyl H), 6.58 (m, 1 H,
cyclopentadienyl H); 13C nmr and DEPT (CDCIl) li: 164.6 (0:0), 156.0 (C=C),
136.4 (C=CH), 132.3 (C=CH), 131.6 (C.CH), 129.7 (C=CH), 116.8 (C.CH),
76.6 (CH), 51.1 (quatcmaryC), 42,1 (CH), 35.6 (CHv. 31.9 (qualcmaryC), 27,2
(CH), 23.0 (CHl ), 20.4 (CHl). Exact mass calcd. for CI5HIS02: 230.1302; found:
230.1303.
(SR, I'R) S. ( 2' • Cyclopeniadienyl • l' - methoxy - 2'. 2' - dime/ltylet1Jyl ) • J •
metllyl. 6 • oxa .2 • cydohexenone ( 137 )
Boron trinuoroetherate (92 J1.l., 0.75 minai, Aldrich) was added to a solution
of spiro-heptadiene lactone 134 (0.1652 g, 0.72 nunol) in absolute methanol (to
roL) al room temperature. The reaction solution was stirred for 4 h and quenched
wilh 5 % aqueous NaHC03. The mixture was extracted with ether (2 x 25 mL) and
the ether extracts were combined, washed with brine, dried, filtered, and
concentrated. The crude product was purified by flash chromatography (15 % ethyl
acetate I petroleum ether) 10 give the cyclopropane ring - opened product 137
(0.1513 g, 83 %) as a pale yellow liquid. This product was a mixture of
substituted cyclopentadienes from Ihe rapid I, 5-sigmarropie rearrangement. IR
(film): 1730 (C:O), 1575 (C:C) em-'; IH nmr(200MHz, CDCI,) 8: 1.11, 1.12
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(5, lotal 3H, CHv, 1.18 (s,3H,CHy, I.'" (m, I H), 1.88 (brs. 3H, CHl·e-C),
2.24 • 2.41 (m, 1 H). 2.65 (m, 1 H), 287 (m, I H), 3.19. 3.20 (s. total 3 H.
OCH,). 5.02 (m, 2 H. CH·O), 5.64 ('. 1 H, H-e-c), 6.22. 6.34. 6.42, 6.64. 6.68
(m, lotal 4 H. cyclopentadieny1 H). Low resolution mass specaum found 262
(CI6H22~' M+), 230 (ClsHl'~' M+-MeOH).
(IS, 2B, SR, 6R, SR, 95, 12R) J,7, 7 -Trimdhyl.6 .melhory.4 .oxaldracyclo [
7.3.1.01". O',n} tridec ·10· en - 3· one ( IJ8)
Cyc!opentadiene 137 (0,1378 g, 0.6 mmol) and hydroquinone (5 mg) were
dissolved in anhydrous toluene (10 mL). The solution was plaCed in a Pyrex
pressure tube and flushed with nitrogen for 2 hours and sealed. The pressure tube
was placed in a microwave oven (Toshiba ERS·663OC) and sUlTOunded with damp
vermiculite. The power level was set 10 500 walts and the reaction was
conducted for an hour. Ancr cooling to room temperature, the pressure tube was
opened and concentrated. The residue was purified by flash chromatography (10 %
ethyl acetate I petroleum ether) to give the Diels-Alder adduct 138 (0.1335 g, 97 %)
as a colorless liquid; IR (film): 1725 (C=O), 1515 (C:C) em-I; lH nmr (200
Mfu, CDCI) 8: 0.95 (I, 3 H. CH}), 1.14 (5, 3 H, CHJ ), 1.18 (5, 3 H, CHJ),
1.82 - 2.19 (m, overlap 4 H), 2.53 (5, 1 H, CH2..c-C), 2.12 (5, I H, bridge head
CHIl, 3.11 (5, 4 H, OCHJ, one H-C-O hidden), 4.62 (5, 1 H, H-C-O), 6.44 (m, I
H, H-C=C), 6.32 (m, I H, H-Cz:C); I3C nmr (CDCI) li: 174.9, 138.7, 136.5.
16.3, 14.2, 58.5, 56.3, 52.9, 51.0, 49.9, 48.5, 41.5, 40.4, 24.6, 23.6.23.0; DEPT
(CDC',) 6, 138.7 (CH). 136.5 (CH). 76.3 (CH), 58.5 (CH). 52.9 (CH). 51.0
(CH). 49.9 (CH), 48.5 (CH,), 41.5 (CH,), 24.6 (CH,), 23.6 (CH,). 23.0 (CH,).
Exact mass calOO. for CaHI8~ (M+-CH30H): 230.1302; found: 230.1321. Low
resolution mass spectrum found 262 (CI6HnO), M+).
137
( JR, 2B, 4B, SR, 7S, 8R, 9S) S - H,'!droxy. 8· hydrorymethyl. 4 - methoxy· 3, 3, 7
• lrimefhyltricyclo [5. 4. OJ,1. 02,9} ""deea"e (143)
Tetracyclic lactone 138 (0.0792 g, 0.3 mmol) was dissolved in ethyl acetate
(10 mL) and a catalytic amount (ca, 10 mg) of 5 % Pd I activated carbon was
suspended in the solution. Hydrogenation was conducted in a Parr apparatus under
hydrogen (30 psi) for 4 h at room temperature. The resulting mixture was filtered
through a band of Celite and the filtrate was concentrated to give a pale yellow
liquid. This crude product was checked by nmr to make sure the double bond
was completely hydrogenated. and used direclly for the next step.
The hydrogenated lactone was dissolved in anhydrous elher (5 mL) and
cooled 100°C with an external ice I water bath. Lithium aluminum hydride (50
mg, Aldrich) was added to the cold solution and the reaction was allowed to warm
to room temperature. After stirring for 4 h at room temperature, the reaction was
cooled to OQC and quenched with cold water. The mixture was filtered and the
filtrate was extracted with elher (2 x 10 mL). The combined organic layt';rs were
washed with brine, dried, filtered, and concentrated. Flash chromatography (40%
ethyl acetate I petroleum ether) yielded 0.0652 g (92% from 138) of the diol 143 as
a colorless liquid; lR (film): 3460 (OH) em-I; lH nmr (200 MHz, CDCI3) 5:
0.94 (s, 3 H, CH3), 1.10 (s, 3 H, CH3), 1.13 (s, 3 H, CH3), 1.19 - 1.85 (m, 9 H,
CH2, CH), 2.10 (br.s, 2 H, OH), 3.18 (5, 3 H, 0013), 3.73 (m, 2 H, CH2·O),
3.95 (m, 1 H, CH·O), 4.60 (s, 1 H, CH·O); 13C nrnr (200 MHz, CDCI3) S: 81.3,
66.1, 63.2, 55.6, 49.2, 48.7, 48.1, 45.7, 44.9, 42.3, 39.7, 31.5, 25.8. 22.9,
21.6, 17.6. Low resolution mass spectrum found 236 (M+-CH30H), 218 (236-
H20). these peaks were too weak for a high resolution mass spectrum.
138
( JR, 2R, 4R, SR, 75, SR, 9S) 8· ACdoJ(yml!thyl - 5 - hydl'OX] - 4 - mdhoxy. 3, 3, 7
_trimethyIJricyclo IS. 4. 0 1,7. 02,9J UJldtCQflt ( 144)
Dio! 143 (0.4820 g. 1.8 mmol) was dissolved in anhydrous ether (S mL) and
cooled to oDe with an external ice-water balh. To the .~olution was added pyridine
(0.3 mL). followed by acetic anhydride (0.2 mL, 2.0 mmol, Aldrich). The reaction
solution was stirred for 6 h at O°C, diluted with ether (20 mL), and then
quenched with cold waler. The mir.'ure was separated and the aqueous layer was
re-exttacted with ether (15 roL). The combined organic extracts were washed with
5 % aqueous NaHC~ and brine. dried, filleTed, and concentrated. Flash
chromatography (to % ethyl acetate I petroleum ether) afforded 0.0724 g (15 %) of
recovered starting material and 0,4127 g (14 %) of the hydroxy acelale 144 as a
oily liquid; IR (film): 3460 (hr, OH), 1740 (C=O) cmol ; IH nmr (200 MHz,
CDCl3) 6: 0.77 (5, 3 H, CH3), 1.24 (5, 3 H, CA3), 1.27 (5, 3 H, CH3), 1.40 - 2. 10
(overlllped m, 9 H), 2.03 (5, 3 H, CH3-C--D), 2.25 (m, 1 H, CJ:!-CH2"0), 2.73 (hr,
5, 1 H, OR), 3.20 (5, 3 H, OCR}), 4.05· 4,20 (overlaped m, 3 H, CH2-O and
CH-o), 5,50 (tjd, 1 H, J = 7,5, 10 Hz, CH·O),
(IR, 2R, tlR, 15, 8R, 95) 8· AcetoxymeJllyl - 4 - melhoxy • 3, 3, 7 -
trimethyltricyclo. [5,4,0 1,1.01,9} ulIdecane ( 145)
Pyridine (0,16 mL, 2,0 romol), followed by phenyl chlorothiofonnate (0,14
mL, l.0 mmol) we~ added to a stirred anhydrous dichloromethane solution (5 mL)
containing hydroxy acetate 144 (0,2016 g, 0,65 nunol) at room temperature, After
the reaction was complete (TLC monitoring), the solvent was eVlIp0rllted under
reduced pressure. The residue was dissolved in ether (30 mLl and the ether
solution was washed with 5 % aqueous NaHC~ and brine, This ether solution
was dried. filtered, and concentrated, The residue was passed through a shon
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silica gel column with 10 % clhyl acetate I petroleum efher as elute. The
chrornalographed material (0.239:' g) was used directly for the radical reduction.
This Ihiocarbonate radical precursor was stirred and refluxcd in anhydrous toluene
(5 roL) while a solution of tribulyltin hydride (0.22 mL, 0.8 mmol) and a catalytic
amount of AIBN (6 mg) in anhydrous toluene (2 mL) was lldd~d with a syringe
pump 3t a speed of 0.5 mL I h. After Ihe addition was complete. the reaction
solution was stirred and refluxed for further 4 h, cooled to room temperature, and
evaporated under reduced pressure to remove the solvent. The. crude product was
applied (overnight) to the top of a silica gel column (salUraled with hexane),
eluted first with hexane until the tin compound (with a very nasty odor) was
washed 01:. and then eluted with 5 % ethyl acetate I petroleum ether to afford the
methoxy acetale 145 (0.1356 g, 71 %) as a colorless liquid; IR (film): ;/L'i (C=O)
cm· l; IHnmr (200 Mhz, CDCIJ) 6: 0.83 (s, 3H, CHJ), 1.05 (s,3H,CH3), 1.11
(s, 3H, CH3), 1.10-1.40 (m, 8H, CH2), 1.56-2.15 (m, 4H, CH), 2.00 (s, 3H,
CH3C=O), 2.40 (dd, I H, J = 8, 10.5 Hz, CH-O), 3.14 (s, 3 H, OCH3), 3.98 (d, 2
H, J = 8 Hz, CH2·O); 13C nmr (CDCI3) 6: 171.4, 65.8, 60.0, 49.5, 48.8, 48.4,
47.4, 47.3, 45.9, 37.2, 24.5, 25.6, 24.6, 22.4, 20.8, 17.7. Low resolution mass
spectrum found 294 (C ISH3{P3' M+), 262 (M+- MeOH), these peaks were too weak
for high resolution Mass spectrum.
2. Alkene acetate 150 (0.0646 g, 0.22 mmol) was dissolved in ethyl acetate (lS
mL) and a catalytic amount (ca. 10 mg) of 5 % Pd I activated carbon was suspended
in the solution. Hydrogenalion was conducted in a Parr apparatus under H2 (20 psi)
for two hours. The resultant mixture was filtered through Celite and concentrated.
The residue was purified by flash chromatography (5 % elhyl acetate I petroleum
ether) to give methoxy acetnle 145 (0.0627 g, 97 %) as a colorless liquid, the
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spectral data were identical with Ihose of the compound obtained by the other
synthetic route.
(oj (JR, 2R, 7S. 8R, 95) 8 • Aceloxymelhyl-3. 3. 7 • lrimelhyltricyclo { 5.4.0 ,,1.0
2,9 } undecane ( 146)
Methoxy acetate 145 (0.0650 g. 0.22 romol) and sodium iodide (0.045 g, 0.30
romol) were mixed in anhydrous dichloromcthane (5 mL), Triethylamine (56 ilL.
DAD romol) was added to this solution. followed by chlorolrimelhysiJane (38 ilL.
0.30 mmol. Aldrich), forming a yellow solution. After stirring for an hour, the
reaction was stopped by adding saturated aqueous iffl4C1. The mixture was
extracted with dichloromethane (2 x 20 mL) and the CxlraClS were combined,
washed with 10 % aqueous sodium thiosulfate (to remove iodine) and brine, dried,
and concentrated to give a pale yellow liquid.
The resulting crude alcohol product was dissolved in anhydrous
dichloromethane (2 mL) and pyridine (32 Ill. 0.40 mL, Aldrich. re-distilled) was
added, followed by phenyl chlorothiofonnate (42 Ill, 0.30 mmal) in anhydrous
dichloromethane (l mL). The reaction mixture was stirred for 3 h at room
temperalUre and then concentrated to remove solvent. The residue was dissolved
in ether (20 mL) and the ether solution was washed with water (2 x 20 mL).
dried, filtered, and concentrated. The residue was passed through a shon silica
column to give the crude thiocarbonate product for direct use in the radical
reaction.
To a stirring, refluxing solution of thiocarbonate in anhydrous toluene (2
mL) was added a solution of tributyltin hydride (54 ilL, 0.2 mmo!) and AIBN (5
mg) in anhydrous toluene (2 mL) by syringe pump al a speed of 0.5 mL I h.
Afler the addition was complete. the reaction solution was stirred and refluxed for
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a further five hours., cooled 10 room temperature, and conccnuated. The crude
product was applied (ovcmighl) to the top of a silica gel column (sarutated with
hexane), eluted fU'St with )leXllllC until the tin compounds (nasty odor) were
washed out, and then eluted with 5 % ethyl acetate I petroleum ether 10 afford the
acetate 146 (0.0291 g. SO % from 145) as a colorless liquid; [a]22 .. _11.8° (c 3.7.
CHCl~; IR (film): 1745 (C--Q), 1240 (C-O) em·l; IH nmr (200 MHz. CDCJ3) 6:
0.88 (5, 3 H, eH), 0.94 (5. 3 H. eH), 1.00 - 1.65 (m, 13 H. CHz and aI), 1.95
(m. I H, C!!·CH2-O), 2.00 (5, 3 H. CH3C=O), 4.19 (d, 2 H, J = 7.9 Hz. CH2-O);
I3C nmr (eoCI) 6: 171.1, 66.2, 64.3. 54.8, 44.9. 44,5, 41.3, 38.9. 36.6, 33.5.
32.1, 32,1, 3r.7, 30.8, 24.6, 20.9, 20.8. Exact mass caled. (or ClsH2A
(M-+"-AcOH): 204.1872; found: 204.1884. Low resolution mass spectrum found 264
(M.,.
(+) Longifol~ne ( J)
A pyrolysis llppatatus was assembled as shown in Figure 8. The quartz
tubing filled with quanz-wool was preheated to 525°C under a flow of ni'l"ogen. A
solution of acelate 146 (0.0261 g. 0.0984 mmol) in anhydrous benzene (2 mI.) was
added dropwise in order 10 pass through the hot quartz tubing at a rate that
pennilled Ihe hol npor 10 condense completely in the cold (_78°C) receiving flask..
To prevent Ihe acetic acid formed in pyrolysis from inlerfering with the product a
small amounl of solid NaHCO) was placed in the receiving flask. After the
reaction solution was pyrolyzed, additional anhydrous benzene (3 mi.) was added
in the same manner to wash the quartz-wool. The apparatus was cooled to room
temperalure under nitrogen. Then the cold receiving flask was removed from Ihe
apparnlus and warmed 10 room temperature. Ether (IS mi.) was added and the
ether solution was transferred to a separalory funnel by filtration. Th ether
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solution was washed with satunlted aqueous NH4Cl (IS mL). dried, filtered. and
concentrated. The yellow residue was purified by flash chromatography (petroleum
ether) 10 yield O.01lOg (55%) of (+}Iongifolcneas. colorless liquid; [a)n.+
47.00 (c 1.7, rnClY• (authentic commercial sample (<<122: + 51.2°, C 1.9, CHell);
IR (film): 1658 (C=C) em·l; lH nmr (200 MHz., COO) 3: 0.88 (5, 3 H, a-t}),
0.93 (s. 3 H, eH}), 0.98 (s, 3 H, eH), 1.10 (m, I H), 1.35· 1.70 (m, 10 H), 2.04
(d, I H. J = 4 Hz.), 2.58 (d, I H, J =5 Hz. CH-C=C), 4.45 (1, I H. H-C=C). 4.71
(5, I H, H-C:C; nCnmr (300MHz, CDC1) Ii: 168.0, 99.0. 62.0, 47.7, 44.9.
43.8, 43.2, 36.2, 33.4. 30.4, 30.3. 29.9, 29.S. 25.3. 20,9; DEPT (300 Mkz..
CDCI,) S, 99.0 (CH,), 62.0 (CH), 47.7 (CH), 44.9 (CH), 43.2 (CH,), 36.2
(CH,), 30.4 (CH,), 30.3 (CH,), 29.9 (CH,), 29.5 (CH,), 25.2 (CH,), 20.9
(CH2). Exact mass calc<!. for CI~H24; 204.1872; found: 204.1870.
( lR. 2R, 4R, SR, 15, 8R, 95) S· Hydroxy. 8 - hydroxymdhyl-" - methoXJ - 3. 3. 1
• trimtl/lylJricyclo (S. 4. 0 1,7. 0 1")-10 - undtctnt ( 147)
Tetracyclic lactone 138 (0.1574 g, 0.6 mmol) was dissolved in anhydrous
ether (5 mL) '00 cooled 100°C with an external ice-water bath. LiAI~ (100 mg.
excess) was added in several small portions and die resulting suspension WllS
allowed 10 wann slowly to room temperature. The suspension was $lim<! with
monitoring by n..e until thc reaction was complcte. The reaction mixture W3S
then cooled to aOe. diluted with ether (15 mL), and quenched with cold water to
destroy the excess LiAIH4. The resulting mixture was filleTed, and the filtrate was
separated. The aqueous layer W3S re·extracted with ether (2 x 15 mL). the organic
phases were combined, washed with saturated aqueous NH4CI. dried. filtered. and
concentrated to give a very pure diol 147, which was used directly for further
synthetic work. IR (film): 3410 (br, OH), 3060 (H·C=C), 1585 (C=C), cm· l;
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IH nmr (2ooMHz, CDCI) &: 0.94 (5. 3 H, CH), 1.10 (5. 3 H, CH), 1.13 (s, 3
H, eH), 1.28 (I. I H. J '" 8 Hz, CH), 1.43 (be S, I H, OR), 1.66· 1.73 (m, 2 H.
CHv. 1.89 (br s, I H, OH), 1.96 (d, I H, J =9.5 Hz, CH), 2.29 (br S, 1 H,
CH·C=C), 2.39 (br.s, 1H, CH·CcC), 3.19 (5, 3H, OCH), 3.77-4.10 (overlapm,
3 H, CHrO and eH-O), 4.56 (5, 1 H. H-C-O), 5.93 (m, I H, H-C-e), 6.31 (m, 1
H, H-C=C); 13C nmr (CDCI3) &: 140.6, 132,8, 66.9, 62.3, 58.4. 53.2, 50.8,
50.4, 49.5, 48.6, 40.0, 38.5, 37.0, 28.4, 22,8. 17.4. Low resolution mass
spectrum found 248 (CI6H:I.402' M+· H20).
(lR, 2R, 4R, SR, 75, SR, 95) 8.Acetoxymetl,yl-S-hydroxy.4.methoxy-3,3.7
• trimelhytricyc!a {S. 4. 0 1,1. 0 1,9J ·10· undecene ( 148)
Diol 147 (0.3052 g, 1.15 romo!) was dissolved in anhydrous ether (5 roL)
and cooled to OoC with an elucmal ice/water bath. Pyridine (0.2mL) was added
10 this solution, followed by acetic anhydride (0.2 mL. 2.0 mmol, Aldrich). The
renction solution was stirred overnight at DoC, diluted with ether (20 mL), and
Ihen quenched with cold water. The mixture was separated and the aqueous layer
was extracted with ether (I5 mL). The combined organic extracts were washed
with 5 % aqueous NaHC03 and brine, dried, filtered, and concentraled. The
crude product was purified by flash chromatography 00 % ethyl acetate I petroleum
ether) to afford 0.2610 g (74 %) of acetate 161 a"d 0.0772 g (15 %) of the
diacetate. SUbsequently, the latter material was treated with LiALH4 to recover the
Sinning material. Acetate 148; IR (film): 3460 (OH), 1740 (C=O), 1560 (C=C)
cm-'; 'H nmr (200 MHz, CDCI) 0: 0.72 (5, 3 H, CH3), 1.05 (s, 3 H, CH3), 1.17
(5, 3 H, CH3), 1.48 (ro, 1 H, CH), 1.t<0· 2.10 (overlaped m, 3 H), 2.05 (5, 3 H,
CH3-C=O), 2.25 (m, I H, CH-C""C), 2.72 (m, 1 H, CH·C=C), 3.08 (br 5, I H,
OH), 3.25 (s, 3 H, OCH3), 3.35 (d, I H, ) "" 7.5 Hz. CH·O), 4.~ (overlape d, 2
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H, CH2-0). 5.52 (ro, 1 H, Ctl·OH), 5.88 (ro, 1 H, H-C=C). 6.42 (d, J =6 Hz,
H-C--C)_
(lR, 2R, 4R. SR, 75, 8k, 95) 8. Acetoxymdhyl - .4 • methoxy • 5 -
phenoxythiocarbonyloxy • 3, 3, 7 • trimetl,yltricyclo I 5.4. 0 1,1. 0 2.9 } ·10 - undecene
(149)
Pyridine (0.16 mL. 2 mmol), followed by phenyl chlorothiofonnate (0.14
mL, 1 nunol, Aldrich), was added to a stirred solutiOn of alcohol 148 (0.2016 g.
0.65 romol) in anhydrous CHzClz (S roL) at room temperature. The reaclion was
stirred for 3 h at room temperature and then concentrated to remove the solvent.
The residue was extracted with ether (30 mL), and the ether solution was wllshed
with 5 % aqueous NaHC~ and brine. dried, filtered. and concentrated. Flash
chromatography (5 % ethyl acetate I petroleum ether) gave recovered SIar1ing
material (0.0413 g. 20.5 %) and the thiocarbonate 149 (0.1936 g, 67 %); IR (film):
1745 (0=0), 1595 (C=C), 149C, (phenyl) em-I; IH nmr (200 MHz, CDCI3) 0:
0.77 (5, 3 H, CH), 1.24 (5, 3 H, CH), 1.27 (5, 3 H, CH), 1.54 (m, 2 H. CHl),
1.70·2.00 (overlapcd m, 4 H), 2.04 (5, 3 H, CH)-C=O), 233 (d. I H, .r 3< 7.5 Hz,
CH·C."C), 2.54 (m, 1 H, CH-C=C), 2.79 (br 5, 1 H, CH·O), 3.20 (s, 3 H. OCH3).
4.28 (do, 2 H, J =3.6, 7.1 Hz, CHl-O), 5.94 (dd, 1 H, J - 2.3, 5.5 Hz, H-C-C),
6.07 (dd, 1 H, J-7.5, 10.1 Hz, CH-OC(=S)OPh), 6.35 (d, 1 H, J=5.9Hz, H-C=C),
7.03 (m, 1 H, phenyl H), 7.06 (m, 1 H, phenyl H), 7.25 .(rn, I H, phenyl H), 7.35
(m, 2 H, phenyl H); I3C nmr (CDCI3) 0: 194.1, 172.0, 153.5, 138.2, 133.1.
129,5 (2 C), 126.5, 121.9 (2 C), 90.6, 74,9, 64.3, 63.6, 58.4, 55,6, 52.3, 48,9,
48,8, 43.7, 41.1, 23.3, 22.6, 20.9, 20.1. Low resolution mass spectnlm found
291 (C18H210 3, M+· PhOC(=S)O), 259 (CI1H23~' M+· PhOC(::S)O - MeOH),
These peaks were too weak for a high resolution mass speclrum.
145
(JR, 2R, 4R, 75, SR, 95) 8 .Acetoxymethyl·4. methoxy-3, 3, 7· trimethyltricyclo
{5. 4. 0 J,1. 0 2,9J·10· undecene ( 150)
A solution of tributyltin hydride (0.22 mL, 0.8 romol, Aldrich) and AffiN (16
mg) in anhydrous toluene (2 mL) was added to a stirred, refluxing solution of
phenoxylbiocarbonatc 149 (0.1396 g, 0.31 romol) in anhydrous .Jluene (5 mL) at a
rate of 0.5 mL I h with a syringe pump. After the addition was complelc, the
reaction solution was stirred and refluxed for a further 6 h. It was cooled to room
temperature, and concentrated to remove the solvent. The residue was applied
(overnight) to the lOp of a silica gel column (saturated with hexane), eluted first
with hexane to wash out the tin compounds. and then eluted with 5 % ethyl
acetate I petrole~m ether to afford methoxy acetate (0.0806 g, 89 %) as a colorless
liquid; IR (film): 3060 (H-C=C), 1735 (C=O), 1574 (O=C) cm·l; IH nmr (200
MHz, CDCI3) 6: 0.66 (s, 3 H, CH3), 1.10 (s, 3 H, CH3), 1.16 (s, 3 H, CH3), 1.31
(m, 2H, CH2), 1.56-2.17 (overlaped m, 5 H), 2.00 (s, 3H, CH3-C=O), 2.52 (m,
I H, CH~C=C), 2.70 (brs, 1 H, CH-C=C), 3.15 (s, 3 H, OCH3), 4.04 (d, 2 H, J=
7.3 Hz, CHrO), 5.91 (dd, 1 H, J == 3, 5.7 Hz, H-C=C), 6.35 (d, I H, J = 5.7 Hz,
H-C==C); 13Cnmr (CDCI3) 0: 171.2, 138.9, 133.0. 75.6, 66.5, 66.4, 58.1, 50.8,
49.4, 48.7, 46.4, 43.7, 41.1, 33.7, 23.3, 23.0, 20.7, 18.9. Low resolulion
mass spectrum found 292 (CIIH280 3, M+), 260 (C17H240 2, M+ - MeOH).
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SPECTRA
lH nmr, 13C nmr, IR and I or MS spectra of some key intermediates lITe
listed here.
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Figure 16 IJC - 1H correlation spectrum or ( 132 )
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